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THE  EFFECT  OF  TEMPERATURE,  PRESSURE  AND 
STEAM  ON  HYDROCARBON  VAPORS 
Introduction 

Preliminary. 

Because  of  the  ever  increasing  demand  for  gasoline,  and  at 
present  the  great  demand  for  toluene,  relief  has  been  sought  with 
more  or  less  success  by  means  of  the  thermal  decomposition  of  petro- 
leum hydrocarbons.    A  study  has  therefore  been  made  of  the  conditions 
which  govern  the  decomposition  of  paraffin  hydrocarbons  having  ref- 
erence more  especially  to  temperature,  pressure  and  the  presence  of 
steam* 

Historical, 

The  thermal  decomposition  of  petroleum  hydrocarbons  has 
been  investigated  for  more  than  one  hundred  years*    John  Dalton  (1) 
in  1809  was  the  first  to  study  the  problem*    Since  that  time  many 
men  have  carried  on  the  investigations  under  widely  different  condi- 
tions* 

Benzene  was  discovered  in  the  recovered  oil  which  had  been 
subjected  to  heat.    Faraday  (2)  made  this  great  discovery  in  1825. 

Berthelot's  classic  work  was  published  in  1866-67.  He 
worked  with  various  hydrocarbons  subjecting  them  to  various  tempera- 
tures and  studied  the  resulting  products.    Acetylene  was  converted 
into  benzene  and  in  the  presence  of  carbon  it  decomposed  into  carbon 
and  hydrogen.    At  a  bright  red  heat  he  found  that  benzene  gave 
diphenyl  and  chrysene  but  did  not  yield  naphthalene  or  anthracene. 
With  a  mixture  of  benzene  and  acetylene  however  he  was  able  to  obtain 
naphthalene.    Toluene  he  reports  yielded  benzene,  naphthalene  in 
large  quantities  and  a  solid  which  was  volatile  at  about  270°C. 
Xylene  gave  anthracene,  naphthalene,  toluene,  and  benzene. 
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In  1861  a  careless  stillman  built  a  strong  fire  under  his 
still  and  left,  expecting  to  return  shortly  but  failed  to  do  so. 
Some  four  hours  later  he  returned  and  to  his  surprise  found  that  the 
oil  was  running  from  the  still  with  a  lower  gravity  than  it  was  when 
he  left.    This  fact  caused  considerable  comment  and  investigations 
became  more  frequent.    However  this  had  been  anticipated  as  Sillman 
(3)  predicted  that  this  did  happen  as  early  as  1855  in  the  regular 
distillation. 

Thorp  and  Young  (4)  distilled  paraffin  under  pressure  and 
found  amylene,  pentane,  hexylene,  and  others  but  found  no  traces  of 
benzene.    This  work  was  done  in  1871-73. 

The  production  of  aromatic  hydrocarbons  from  petroleum 
was  described  by  Veith  (5)  in  1862.    He  passed  the  oil  through  tubes 
which  were  heated  to  700  or  800°  C# 

Prunier  in  1879  (6)  worked  on  American  oils  and  found  that 
the  degree  of  unsaturation  of  the  recovered  products  varied  with  the 
temperature,  pressure  and  time  of  reaction. 

Hirzel  (7)  in  1885  obtained  a  patent  for  making  aromatic 
hydrocarbons  from  petroleum.    The  vapors  were  passed  through  a  re- 
tort which  was  filled  with  porous  material  maintained  at  a  red  heat. 
This  was  the  first  attempt  to  decompose  hydrocarbons  in  the  vapor 
phase. 

Hexane,  isohexane  and  pentane  were  subjected  to  a  tempera- 
ture equivalent  to  a  bright  red  heat.    At  this  temperature  Norton 
and  Andrews  (8)  found  the  resulting  products  to  be  ethylene,  propy- 
lene, butadiene  amylene,  and  benzene.    At  550°  C.  they  report  no  de- 
composition. 

Worstal  and  Burwell  (9)  worked  with  crude  heptane  and 
octane.    At  900°  C.  they  obtained  the  same  class  of  products  from 
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both  compounds.    All  of  the  paraffine  hydrocarbons  had  disappeared 
and  they  concluded  that  all  hydrocarbons  at  this  temperature  gave 
the  same  products. 

The  processes  of  Meikle  and  Meffert  (10)  are  the  first  in 
which  steam  was  mentioned  as  being  introduced  into  the  retort  with 
the  oil,  however  this  subject  had  been  previously  investigated  by 
Coquillion  and  Henrivaux  (11). 

That  high  temperatures  increased  hydrogen  and  the  rate  of 
decomposition  was  demonstrated  by  Whitaker  and  Alexander  (12),  The 
rate  of  decomposition  was  also  found  to  be  a  function  of  the  rate  of 
flow  of  the  oil  through  the  retort. 

Brooks  and  others  (13)  found  that  the  define  content  of 

gasoline  decreased  as  the  pressure  of  operation  increased  up  to  two 
pounds 

hundredAper  square  inch.    Above  this  pressure  they  remained  constant. 
The  percent  of  gasoline  was  found  to  increase  until  a  pressure  of 
two  hundred  eighty  pounds  was  attained  and  then  to  decrease. 

Haber  and  colleagues  (1896-97)   (14)  found  that  hexane  de- 
composed into  amylene,  methane  and  benzene  at  temperatures  between 
600°C.  and  800°C.    They  noticed  only  small  amounts  of  carbon  at  the 
above  temperature  but  at  900  to  1000°  C.  tar,  carbon,  hydrogen, 
ethylene  and  methane  were  the  main  products.    Benzene  they  found 
yielded  diphenyl  at  900°C. 

Rittman,  Byron  and  Egloff  (15)  think  that  aromatic  hydro- 
carbons of  the  higher  order  break  down  into  the  lower  homologues  and 
then  decompose  to  give  benzene.    Benzene  gives  diphenyl  then  naph- 
thalene and  finally  anthracene.    It  is  doubtful  whether  naphthalene 
and  anthracene  are  the  main  products  in  the  decomposition  of  bej^ene. 
They  might  be  formed  in  small  amounts  but  it  is  generally  conceded 
that  these  products  are  not  formed  by  the  decomposition  of  benzene. 
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Egloff  (16)  in  a  later  article  found  no  naphthalene  or  anthracene 

when    he  subjected  benzene  to  high  temperatures  and  pressures.     It  i 

very  possible  that  anthracene  will  form  from  toluene  as  monomethyl 

anthracene  formed  readily,  at  650°  and  40  pounds  pressure  and  also  at 

from  Xylene 

110  pounds  pressure  and  600O(^.    No  naphthalene  was  obtained  nor  was 
there  any  anthracene.    Most  of  the  xylene  was  recovered  unchanged* 
however,  small  amounts  of  benzene  and  toluene  were  obtained  but  at 
all  times  these  amounts  were  less  than  the  monomethyl  anthracene. 
These  results  were  obtained  by  Parr  and  Charlton  (17).  Naphthalene 
will  form  from  kerosene  at  as  low  temperatures  as  540°C.  and  this 
formation  cannot  be  through  benzene  as  benzene  is  only  very  slightly 
decomposed  at  600°  and  75  pounds  pressure. 

Davies  (18)  claims  to  hydrogenate  the  unsaturated  products 
by  passing  the  oil  with  steam  over  iron  shavings  at  a  temperature  of 
650  to  675°C.  and  100  pounds  pressure.    The  amount  of  steam  used  per 
gallon  of  oil  was  ten  pounds.     One  would  not  expect  much  hydrogena- 
tion  to  take  place  at  this  temperature  as  dehydeogenation  is  very 
rapid  even  at  600°  and  75  pounds  pressure.    Steam  it  is  true  will 
increase  the  hydrogen  concentration  but  under  the  conditions  this 
would  have  but  little  effect  on  the  recovered  product. 

Prior  to  the  advent  of  the  gasoline  engine  kerosene  was 
the  important  product  obtained  from  petroleum  but  with  the  wide 
spread  use  of  electricity  the  demand  for  kerosene  has  become  less 
and  less  until  now  the  best  utilization  of  the  material  is  a  prob- 
lem.     The  internal  combustion  engine  is  placing  heavy  demands  on 
our  gasoline  supply  and  ways,  and  means  have  been  studied  for 
increasing    the  supply  of  this  low  boiling  oil.    There  are  but  two 
solutions  for  this  problem,  namely,  the  kerosene  and  heavier  oils 
must  be  converted  into  gasoline  or  the  gasoline  engine  Must  be  con- 


5 

constructed  to  burn  kerosene.    The  first  problem  is  one  for  the 
chemists  while  the  second  is  for  the  engineers.    Both  are  working 
hard  but  eventually  the  engineers  must  solve  the  problem,  it  being 
by  far  the  most  economical  procedure. 

The  Cowper-Coles  process  (1916)   (19)  was  probably  the 
first  process  which  proposed  decomposing  the  heavy  hydrocarbons  for 
the  express  purpose  of  making  gasoline.    The  oil  was  passed  through 
tubes  heated  to  900°C, 

The  pyrogenesis  of  hydrocarbons  is  carried  out  now  for  the 
most  part  to  increase  the  yield  of  gasoline.    More  than  one  hundred 
patents  have  been  issued  since  1906. 

Noad  and  Townsend  (20)  in  1908  conceived  the  idea  that  if 
steam  and  oil  were  passed  over  hot  iron  that  better  yields  of  gaso- 
line could  be  obtained.     It  was  their  intention  to  hydrogenate  the 
unsaturated  hydrocarbons  as  fast  as  they  were  formed.    The  retorts 
were  twelve  feet  long  and  nine  inches  in  diameter.    These  were 
filled  with  iron  scrap  and  heated  to  600°C,    A  mixture  of  four  parts 
of  oil  and  one  part  of  water  was  dropped  into  the  hot  retorts. 
Yields  of  40%  motor  spirit,  13$  solvent  spirit,  13%  varnish  substi- 
tute, 30%  gas  and  4%  carbon  snd  loss  were  obtained.    Prom  this  data 
it  is  hard  to  understand  why  the  process  was  abandoned  after  instal- 
lation of  the  plant. 

The  Greenstreet  process  (21)  has  been  used  to  some  extent, 
A  plant  which  converted  kerosene  into  gasoline  was  in  operation  at 
East  St,  Louis  in  1916,    Oil  and  steam  were  sprayed  into  a  coil 
about  250  or  300  feet  long  the  temperature  and  pressure  on  the  sys- 
tem being  about  600°C.  and  100  pounds.    The  gas  was  fractionally  con- 
densed and  the  heavier  portions  were  returned  to  the  retorts.  Six 
of  these  long  coils  were  installed  in  each  furnace  and  the  oil  was 
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pumped  through  the  system  at  a  rate  of  two  gallons  per  minute.  Ex- 
tra heavy  pipe  and  special  fittings  were  used  and  all  joints  were 
welded.    They  claimed  little  or  no  carbon  collected  in  the  tubes. 
Their  main  trouble  seemed  to  be  in  burning  out  the  coils,  which  ne- 
cessitated a  delay  of  some  forty  or  sixty  hours  for  repairs.  Only 
small  amounts  of  gas  escaped  from  this  plant  and  very  large  recover- 
ies were  claimed.    Sworn  statements  to  the  effect  that  from  a  500 
barrel  run  95%  was  recovered  as  gasoline.    This  seems  incredible  and 
is  doubtful  for  later  it  developed  that  large  quantities  of  gas  es- 
caped each  day.    This  plant  as  yet  has  not  proven  a  commercial  suc- 
cess.   Recently  there  has  been  installed  a  similar  plant  in  Cali- 
fornia for  production  of  toluene  from  kerosene.    As  yet  the  success 
of  this  plant  has  not  been  established. 

Most  of  the  synthetic  gasoline  in  this  country  is  produced 
by  the  Burton  process  (22)  which  is  owned  and  operated  by  the  Stand- 
ard Oil  Company,    This  is  a  two  phase  system  and  only  oils  boiling 
above  250°C.  can  be  successfully  converted  into  gasoline,    A  tempera- 
ture of  about  400°C,  and  a  pressure  from  75  to  90  pounds  is  maintain- 
ed on  the  system.    Young's  process  (23)  is  very  similar  to  Burton's, 
Young  did  not  condense  under  pressure  and  his  object  was  to  make 
kerosene  and  not  gasoline.    Redwood  and  Dewar  (24)  both  distilled 
and  condensed  under  pressure  their  object  was  to  make  kerosene  how- 
ever. 

The  Hall  process  (25)  is  operated  in  England  mainly  for 
the  production  of  toluene.    It  is  much  praised  by  Lomax,  Dunstan 
and  Thole  (26)  authors  of  "The  Pyrogenesis  of  Hydrocarbons"  but  it 
is  hard  to  see  any  great  difference  between  it  and  some  other  pro- 
cesses.   The  oil  passes  through  a  one  inch  coil  600  feet  long  and  is 
gradually  heated  as  it  passes  through.    The  velocity  of  the  gas  be- 
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ing  5000  to  6000  feet  per  minute  as  it  leaves  the  coil  carries  all 
carbon  with  it.    The  gases  are  expanded  in  a  large  pipe  and  the 
pressure  reduced  to  atmospheric.     Instead  of  a  cooling  effect  there 
is  a  rise  in  temperature  which  is  attributed  to  the  kinetic  energy 
of  the  gas  due  to  its  high  velocity  and  to  the  breaking  of  the  mole- 
cules.   It  is  claimed  that  most  of  the  "cracking"  occurs  in  this  ex- 
pansion chamber.    Prom  here  the  gas  is  conducted  through  a  series  of 
dephlegmators  and  is  fractionally  condensed  until  the  vapors  have  a 
temperature  of  approximately  100°C.  they  now  pass  to  the  compressors 
and  the  gas  is  stored  under  50  to  75  pounds  pressure*    Here  they 
note  a  peculiar  phenomenon  in  as  much  as  the  temperature  decreases 
instead  of  increases.    This  drop  in  temperature  is  attributed  to  the 
chemical  combination  of  the  molecules  in  the  gas.    A  70$  recovery  of 
motor  spirit  is  obtained  on  the  basis  of  the  original  oil  if  the  con- 
densate from  the  dephlegmators  is  returned  to  the  furnace.    The  work- 
ing temperature  for  gasoline  is  about  550  to  600°C.    This  temperature 
is  very  closely  maintained  as  well  as  the  rate  of  flow  of  the  oil  as 
they  find  that  if  either  of  these  are  altered  slightly  the  yield  of 
desired  product  is  materially  affected.    This  plant  can  be  used  for 
the  production  of  aromatics  as  well  as  for  gasoline.    An  oil  is  ob- 
tained in  good  yields  which  contains  as  high  as  18,5$  benzene,  17,5$ 
toluene  and  6$  of  xylene,      A    temperature  of  750°C,  and    a  pressure 
110  pounds  is  maintained  for  making  aromatics.    Carbon  gives  trouble 
at  this  temperature  but  a  set  of  tubes  will  last  about  250  hours  be- 
fore they  need  cleaning  or  replacing.    A  rather  large  amount  of  gas 
is  obtained  when  working  for  aromatics. 

The  Rittman  process  (27)  so  much  discussed  for  a  while  in 
the  United  States  has  been  tried  and  abandoned.    The  Aetna  Explosive 
Company  invested  some  $500,000  in  a  plant  and  then  discontinued  oper- 
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ation.    Large  tubes  were  used  in  this  plant  for  retorts.     They  were 
11.5  feet  long  and  8  inches  in  diameter.    The  oil  was  sprayed  in  at 
the  top  of  the  retort  which  was  under  a  pressure  of  150  to  250  pounds 
per  square  inch.    Large  amounts  of  gas  were  formed  which  undoubtedly 
is  the  case  in  "cracking"  operations  above  550°C. 

Egloff  (28)  states  that  the  lower  boiling  hydrocarbons  in 
the  aliphatic  series  are  not  the  most  stable.    Those  boiling  between 
200  and  250°C.  are  least  susceptible  to  high  temperatures  and  pres- 
sures.   Stability  decreases  as  the  boiling  points  increase  above 
250°C#    He  also  finds  (29)  that  a  cracked  oil  will  not  yield  aromatic 
hydrocarbons  as  well  as  the  uncracked  oil.     In  the  same  article  he 
states  that  naphthalene  did  not  form  below  750°C.    This  evidently  is 
a  mistake  for  naphthalene  will  form  in  quite  large  amounts  at  200°C. 
below  this  temperature.    Quoting  Mr.  Egloff  in  this  article:-  "In 
this  report  only  the  benzene,  toluene,  and  xylene  resulting  from  the 
thermal  and  pressure  decomposition  of  petroleum  oils  has  been  given. 
This  is  a  prolific;  and  almost  inexhaustible  supply  for  the  fundamen- 
tal substances  in  explosives,  and  will  fully  yield  all  that  this 
present  war  will  demand." 

These  words  were  a  great  surprise  to  Mr.  Bender,  chief 
chomist  for  the  Aetna  Chemical  Company  and  his  comment  follows  (30):- 
"Since  Dr.  Egloff  was  very  intimately  connected  with  the  operating 
of  the  Rittman  benzene-toluene  plant  of  the  Aetna  Explosive  Company 
from  the  time  it  was  erected  until  it  was  dismantled  and  acknowledged 
the  complete  failure,  although  not  publicly,  the  statement  above 
quoted  seems  incredible." 

Scope  of  the  investigation. 

This  investigation  was  primarily  undertaken  to  determine 
the  effect  of  temperature,  pressure  and  steam  on  the  decomposition 
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of  petroleum  hydrocarbons.     Incidently  however  there  were  a  number 
of  other  conditions  noted  among  which  were  the  effect  of  condensing 
under  pressure,  the  effect  of  increasing  the  contact  surface  in  the 
retort  and  the  effect  of  the  size  of  the  molecule  being  decomposed. 
Description  of  the  apparatus. 

The  oil  container  or  reservoir  was  constructed  from  a  four 
inch  pipe  five  feet  long,  on  both  ends  of  which  were  cut  running 
threads.    A  piece  of  six  inch  pipe  somewhat  shorter  was  slipped  over 
the  four  inch  pipe  and  an  inverted  reducing  coupling  screwed  on  both 
ends,  care  being  taken  to  insure  tight  joints.    The  six  inch  pipe  or 
outter  casing  was  bored  and  tapped  close  to  the  ends  for  one  fourth 
inch  pipe  and  connected  to  superheated  steam.     Pour  inch  flanges 
were  now  screwed  down  against  the  inverted  couplings  the  contact  sur- 
face between  the  flange  and  coupling  having  been  machined  off  and  a 
lead  gasket  placed  between.    Four  inch  blind  flanges  which  had  been 
bored  and  tapped  for  various  fittings  were  now  bolted  in  place.  A 
gage  glass  five  and  one  half  feet  long  was  attached  so  that  the  level 
of  the  oil  might  be  noted  at  all  times.    The  rate  of  flow  was  observ- 
ed by  means  of  a  graduated  scale  which  was  placed  back  of  the  glass. 
The  container  was  supported  on  an  iron  stand  and  coated  with  two 
inches  of  asbestos.    This  covering  was  easily  applied  in  the  form  of 
plaster  which  was  made  by  crushing  waste  pipe  covering  and  making  a 
paste  with  water.    The  top  of  the  reservoir  was  connected  with  both 
steam  and  air.    The  pressure  was  noted  by  means  of  a  standard  gage  of 
the  type  used  on  boilers.     Oil  was  admitted  through  a  three  quarter 
inch  pipe  at  the  top  of,  the  container  and  was  closed  by  means  of  a 
valve.    The  bottom  was  provided  with  the  necessary  openings  for 
draining,  gage  glass  and  feed  pipe  which  conducted  the  oil  to  the  re- 
tort. 
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It  was  originally  intended  to  use  electricity  for  heating 
the  retort  but  it  was  impossible  to  obtain  wire  of  the  proper  dimen- 
sions without  much  delay  and  gas  was  substituted  instead*    The  out- 
ter  jacket  of  the  furnace  which  was  fourteen  inches  in  diameter  and 
five  feet  long  was  constructed  of  heavy  galvanized  iron.     Inside  of 
this  casing  was  placed  a  seven  inch  pipe  of  similar  material.  The 
space  between  the  two  cylinders  was  filled  with  ground  asbestos. 
The  burners  were  arranged  uniformally  around  the  inside  of  the  seven 
inch  casing,  there  being  six  in  number*    They  were  constructed  from 
one  half  inch  pipe  by  drilling  one  sixteenth  inch  holes,  spaced  one 
half  inch  apart,  throughout  their  entire  length  which  was  five  feet. 
The  ends  were  capped  and  in  the  center  was  a  tee  which  connected  the 
burner  to  the  gas  and  air  supply.    The  tiny  flames  impinged  against 
the  retort  and  by  proper  adjustment  of  the  gas  and  air  the  tempera- 
ture could  be  quite  closely  controlled.    There  were  a  number  of  open- 
ings in  the  casing  to  allow  the  burned  gases  to  escape  and  to  admit 
auxilary  air.    The  entire  furnace  was  supported  on  iron  legs  which 
were  bolted  to  the  outter  shell  and  was  suspended  over  a  pit  which 
was  about  three  feet  deep.    The  pit  merely  rendered  the  retort  more 
accessible.    While  these  burners  gave  good  service  they  were  not  the 
most  substantial.    The  small  holes  had  a  tendency  to  scale  over  and 
shut  off  the  gas. 

The  retort  or  reacting  chamber  was  made  of  two  inch  extra 
heavy  pipe  six  feet  in  length,  five  feet  of  which  were  in  the  fur- 
nace.   On  the  top  of  the  retort  was  screwed  a  two  inch  flange  fitting 
to  which  was  bolted  a  blind  flange  that  had  been  bored  and  tapped 
for  the  necessary  connections,  a  pyrometer  well  and  an  inlet  for  the 
oil  and  steam.    To  the  bottom  of  the  retort  a  trap  six  inches  in 
diameter  and  eight  inches  long  was  attached  by  the  necessary  flange 
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fittings.    The  bottom  of  the  trap  was  drilled  for  draining  any  oil 
which  might  condense  in  this  trap  and  for  the  pyrometer  well  which 
extended  well  up  into  the  retort.    Thus  the  temperature  of  both  the 
top  and  bottom  of  the  retort  could  be  noted.    This  gave  the  tempera- 
ture of  the  vapors  within  the  reacting  chamber  and  not  that  of  the 
furnace  which  was  several  hundred  degrees  hotter. 

Considerable  difficulty  was  encountered  when  the  apparatus 
was  first  installed  in  as  much  as  the  cast  iron  flanges  were  in  the 
heated  zone.    They  would  stretch  away  from  the  steel  pipe  and  after 
cooling  could  be  turned  in  some  cases  without  the  aid  of  a  wrench. 
This  difficulty  was  readily  overcome  by  removing  the  fittings  from 
the  fire.    All  joints  were  packed  with  "Garlock  900 Any  packing 
similar  to  this  would  have  served  the  purpose  equally  as  well. 

The  trap  under  the  retort  was  connected  to  the  condensers 
by  means  of  a  half  inch  pipe,    A  pressure  gage  was  placed  in  this 
line  and  between  the  gage  and  the  condensers  a  valve  was  introduced 
so  that  pressure  could  be  maintained  on  the  retort  and  not  on  the 
condensers.    The  four  condensers  were  installed  in  series.    The  first 
three  being  duplicates  of  each  other  while  the  fourth  was  made  by 
coiling  sixty  feet  of  quarter  inch  pipe  and  placing  it  in  a  barrel. 
The  last  condenser  was  installed  merely  to  make  sure  of  ample  con- 
densing surface.    Traps  were  placed  on  each  condenser  and  valves  in 
the  bottom  of  each  trap  to  facilitate  the  removal  of  the  oil.  The 
first  three  condensers  were  thirty  inches  long  and  by  this  system 
the  gases  were  fractionally  condensed.    The  condensate  from  each  con- 
denser was  caught  in  the  respective  trap3. 

From  the  last  trap  the  gas  was  conducted  to  the  scrubbers. 
A  valve  was  placed  in  this  pipe  so  that  the  pressure  might  be  regu- 
lated whereby  one  could  condense  under  pressure  if  he  so  desired. 
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The  two  scrubbers  were  connected  in  series  and  were  seven 
feet  long  and  three  inches  in  diameter.    They  were  partially  filled 
with  small  pebbles  and  caps,  which  had  been  bored  and  tapped  for  the 
necessary  fittings,  were  screwed  on  each  end,    A  medium  gasoline  en- 
gine cylinder  oil  was  used  in  the  scrubbers  for  the  removal  of  the 
light  oils  which  was  carried  in  the  gas.    However  with  this  system 
it  was  hard  to  remove  all  of  the  light  oils  especially  when  large 
amounts  of  gas  were  formed.    This  was  due  to  the  great  velocity  of 
the  gas  through  the  oil.    The  average  amount  of  oil  recovered  from 
the  gas  was  about  one  cubic  centimeter  per  cubic  foot  of  gas. 

For  thermocouples;  "Chromel  A"  and  "Advance"  wire  gave  the 
best  results.    Couples  ten  feet  in  length  were  required  and  in  order 
to  obtain  a  maximum  deflection  it  was  necessary  to  have  two  hot  junc- 
tions for  each  couple.     "Chromel  A"  No,  16  B.  &  S.  gage  and  "Advance" 
No,  18  were  used  in  these  couples  and  gave  a  milli  volt  reading  of 
58  at  a  temperature  of  600°C.    For  the  two  couples  the  standardiza- 
tion curves  were  nearly  straight  lines  and  coincided. 
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Methods  of  Analysis  , 

If  water  was  present  in  the  recovered  oil  it  was  removed 
by  means  of  a  separatory  funnel.    The  oil  was  then  filtered  to  re- 
move the  carbon  and  any  water  which  might  remain  as  some  usually 
emulsified  with  the  free  carbon  and  the  oil.    The  carbon  was  dried 
and  weighed  and  the  amount  obtained  was  more  or  less  an  index  of  the 
degree  of  decomposition.    Most  of  the  carbon  however  settled  in  the 
first  trap  which  was  generally  too  hot  for  any  oil  to  condense, 

A  known  volume,  1000  to:  1500  cubic  centimeters  of  oil,  was 
distilled  using  a  Hempel  column  one  inch  in  diameter  and  having  an 
eight  inch  column  of  glass  bead3.  Cuts  were  made  at  95,  125,  150, 
160,  170,  180,  etc.,  up  to  300°  C.  The  residue  was  classed  as;  M300 
up".  These  fractions  were  redistilled  through  another  Hempel  dis- 
tilling head  three- fourths  of  an  inch  in  diameter  and  having  a  six 
inch  column  of  beads.  The  volumn  of  all  cuts  was  noted  as  well  as 
the  specific  gravity. 

Much  experimenting  with  apparatus,  reagents,  and  methods 
of  analysis  was  done  before  a  rapid  and  accurate  method  was  decided 
upon.    The  best  apparatus  which  had  speed  and  accuracy  combined  was  a 
100  cubic  centimeter  glass  stoppered  burette.    Eighty-nine  per  cent 
sulphuric  acid  was  found  to  be  the  best  reagent  for  removing  the  un- 
saturated hydrocarbons,    This  strength  of  acid  did  not  attack  the 
aromatic  hydrocarbons  to  any  appreciable  degree  when  the  acid  and 
oil  were  cooled  in  ice  water. 

The  burette  was  immersed  in  ice  water  and  ten  cubic  centi- 
meters of  oil  added,  and, allowed  to  cool.    Twenty  cubic  centimeters 
of  the  eighty-nine  per  cent  acid  were  added  carefully  down  the  side 
of  the  burette  and  allowed  to;  cool  before  shaking.    The  first  cut 
from  oil  which  had  been  subjected  to  a  temperature  of  about  500°  C. 
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usually  reacted  violently  but  with  care  no  danger  was  encountered. 
The  burette  was  stoppered  tightly  and  the  stopper  held  firmly  in 
place  to  prevent  losing  the  contents  while  shaking.    Occasional  cool- 
ing was  necessary  to  prevent  too  rapid  a  reaction  with  consequent  ab- 
sorption of  some  of  the  aromatic  hydrocarbons.    After  the  contents 
of  the  burette  had  been  thoroughly  shaken  the  pressure  was  released 
by  carefully  raising  the  stopper  after  which  the  burette  was  placed 
in  a  rack  and  the  oil  and  acid  allowed  to  separate  and  come  to  room 
temperature.    The  decrease  in  volume  of  the  original  oil  gave  the 
amount  of  unsaturated  hydrocarbons  present.    The  sludge  acid  was  re- 
moved by  means  of  the  stopcock  and  fifteen  cubic  centimeters  of  eight 
to  ten  per  cent  fuming  sulfuric  acid  added  and  thoroughly  shaken  as 
before  for  about  30  seconds  great  care  being  taken  to  hold  the  stop- 
per in  tightly.    The  reaction  generated  considerable  heat  and  cool- 
ing was  necessary  to  prevent  excessive  pressure.    The  pressure  was 
again  released  as  before  and  the  burette  allowed  to  drain  and  the 
liquids  to  separate,     The  diminution  in  volume  of  the  oil  represented 
the  aromatics  while  the  residue  was  paraffin  and  naphthene  hydrocar- 
bons, the  latter  however  were  not  determined. 

That  some  of  the  paraffin  hydrocarbons  are  attacked  by  the 
fuming  acid  is  true  but  many  tests  with  known  mixtures  did  not  indi- 
cate that  any  great  error  would  be  introduced  by  the  use  of  this 
method.    More  than  one  thousand  determinations  were  made  by  this 
method  and  only  in  three  cases  was  the  reaction  so  violent  as  to  get 
beyond  control  and  this  was  due  to  inexperience  in  the  manipulation. 
A  few  cautions  should  be  observed  in  U3ing  this  method  and  no  danger 
need  be  feared.    Never  stand  with  the  face  or  body  in  line  with  the 
mouth  of  the  burette  while  adding  the  acid  and  never  shake  a  burette 
with  the  mouth  towards  any  one.    Always  place  a  cloth  over  the  stop- 
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per  and  hold  the  stopper  in  tightly.    Cool  to  prevent  too  rapid  re- 
action and  excessive  pressure*     If  the  burette  is  made  of  good  mater- 
ial there  is  no  danger  of  its  bursting. 

The  apparatus  and  method  is  well  adapted  for  the  analysis 
of  any  light  oil  and  is  very  rapid  and  fairly  accurate.    By  using 
thirty-six  buretts  the  analysis  was  continuous  and  it  was  not  uncom- 
mon to  make  one  hundred  twenty-five  to  one  hundred  fifty  determina- 
tions a  day. 

The  great  mass  of  data  which  is  given  may  seem  superfluous 
but  it  was  by  these  small  cuts  and  careful  analysis  that  a  number  of 
compounds  were  found  in  the  recovered  oil. 

It  was  deamed  advisable  to  analyze  the  gas  for  it  is 
through  the  gas  as  well  as  the  oil  analysis  that  the  effect  of  tem- 
perature, pressure  and  steam  are  noted.    This  was  done  by  means  of  a 
modified  Orsat  apparatus  having  in  connection  a  tube  filled  with  cop- 
per oxide  for  the  fractional  combustion  of  hydrogen  and  carbon  monox- 
ide and  a  combustion  pipette  for  methane  and  ethane.    The  copper 
oxide  tube  was  heated  by  an  electric  furnace  which  gave  an  excellent 
temperature  control.    The  oxide  was  regenerated  by  passing  oxygen 
over  the  hot  copper.    Carbon  dioxide  was  determined  by  means  of  po- 
tassium hydroxide  while  alkaline  pyrogallol,  ammoniacal  silver  chlo- 
ride, ninty-five  per  cent  sulfuric  acid,  one  per  cent  bromine  solu- 
tion, and  twelve  per  cent  fuming  sulfuric  acid  removed  the  oxygen, 
acetylene,  unsaturated  hydrocarbons  above  ethylene,  ethylene,  and 
aromatic  hydrocarbons  respectively. 

Unless  the  gas  is  allowed  to  stand  in  contact  with  the  con- 
centrated sulfuric  acid  for  some  time  all  of  the  unsaturated  hydro- 
carbons may  not  be  removed.     The  bromine  solution  has  a  tendency  to 
carry  down  some  of  the  aromatic  hydrocarbons.    With  proper  care  how- 
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ever  very  good  results  will  be  obtained.    A  complete  analysis  could 
be  made  in  about  two  and  one  half  hours. 
Results* 

The  tables  are  divided  into  three  parts.    The  first  part 

gives  briefly  the  conditions  of  the  experiments  or  runs,  the  per  cent 

of  recovered  oil,  properties  of  the  recovered  oil,  and  the  amount  of 

gas  obtained  per  liter  of  original  oil  admitted  to  the  retort.  The 

second  part  is  the  results  of  the  analysis  of  the  recovered  oil. 

Distillation  cuts  as  indicated  were  carefully  taken.    The  volume, 

specific  gravity,  the  per  cent  of  unsaturated,  aromatic  and  aliphatic 
in  each  cut 

hydrocarbons  determined.    These  results  are  calculated  on  the  basis 
of  the  recovered  oil  as  well  as  on  the  original  oil.    The  third  part 
is  the  analysis  of  the  gases.    From  these  results-  a  good  idea  may  be 
obtained  as  to  the  reactions  which  take  place  within  the  retort. 

The  graphs  which  follow  each  table  represent  the  percents 
of  the  three  types  of  hydrocarbons  present  in  the  various  fractions 
of  the  recovered  oil.    The  numbers  on  the  curves  indicate  the  number 
of  the  experiment  or  run.    The  letters  U  and  A  signify  unsaturated 
and  aromatic  hydrocarbons,    The  number  alone  represents  the  curve 
for  the  aliphatics.    By  means  of  these  curves  one  can  see  at  a  glance 
the  effect  of  altered  conditions  on  the  various  cuts. 

Table  1.      Original  Oil. 

This  table  gives  the  specific  gravity,  the  per  cent  of  un- 
saturated, aromatic,  and  aliphatic  hydrocarbons  in  the  original  kero- 
sene.   The  unsaturated  hydrocarbons  were  very  low  being  only  0.4  per 
cent  while  the  aromatic  ,and  aliphatic  hydrocarbons  were  14.6  per  cent 
and  85,0  per  cent,  respectively. 
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Table  1 
Original  Oil 

Specific  %  Unsaturated  %  Aromatics  %  Aliphatics 

Gravity 

.816  0.4  14.6  85.0 
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The  per  cent  of  the  three  types  of  hydrocarbons  in 
any  given  cut. 
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Table  2.      The  Effect  of  Temperature  on  Hydrocarbon  Vapors 
at  Atmospheric  Pressure. 

That  temperature  aids  in  the  decomposition  of  hydrocarbons 
has  been  known  for  many  years  and  as  the  temperature  is  increased 
one  would  expect  to  find  a  greater  difference  in  the  composition  of 
the  recovered  oil.    Prom  the  results  it  is  seen  that  as  the  tempera- 
ture was  raised  the  amount  of  recovered  oil  decreased.    The  volume 
of  gas  increased  with  the  temperature  as  did  also  the  specific  grav- 
ity of  the  recovered  oil.    The  total  unsaturated  hydrocarbon  content 
increased  up  to  500°  C.  while  the  aromatics  increased  but  slightly. 
Prom  500  to  550°  0.  the  aromatics  formed  rapidly  while  the  unsatura- 
ted hydrocarbons  gained  only  slightly.    The  aliphatic  hydrocarbons 
decreased  rapidly  as.  the  temperature  was  increased. 

As  the  oil  was  subjected  to  temperatures  up  to  500°  C,  the 
unsaturated  content  of  the  first  cuts  increased  to  a  maximum  and 
then  decreased  as  the  temperature  was  raised  above  500°  C.     In  the 
first  cuts  the  aromatics  changed  but  little  up  to  500°  C.  but  above 
this  temperature  they  formed  rapidly.     The  paraffin  hydrocarbon  con- 
tent of  these  cuts  was  always  very  low.    The  aliphatic  hydrocarbons 
were  always  less  in  the  "cracked"  oil  than  in  the  original  oil. 
They  were  a  minimum  in  the  first  cuts  but  increased  as  higher  cuts 
were  taken  up  to  about  230°  C,  and  then  decreased.    This  seems  to  be 
in  accord  with  Egloff's  statement  (28)  that  the  paraffin  hydrocarbons 
having  a  boiling  point  of  200  to  250°  C,  are  the  most  stable  of  this 
series. 

The  unsaturated  hydrocarbons  above  ethylene  were  high  in 
the  gas  from  low  temperature  runs  but  decreased  as  the  temperature 
was  increased.    Ethane  was  present  in  the  gas  up  to  500°  C.  but  disap 
poared  in  the  runs  at  or  above  550°  0.    Methane  and  hydrogen  increas- 
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ed  with  the  temperature.  Practically  no  acetylene  was  ever  found  in 
the  gas  and  the  theory  that  aromatics  are  formed  by  the  condensation 
of  this  compound  seems  in  error.  Very  small  amounts  of  aromatic  hy- 
drocarbons may  form  through  acetylene  but  generally  speaking  aromatic 
hydrocarbons  are  not  formed  in  this  way,  either  in  coal  tar  or 
"cracked  oil".  The  possibility  of  their  formation  in  this  manner  is 
too  remote  for  consideration. 


Table  2 

The  Effect  of  Temperature  on  Hydrocarbon 
Vapors  at  Atmospheric  Pressure 
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3.2 

p  p 

p  1 

2.4 

3.2 

O  •  V 

i  «  O 

1.9 

1.8 

2.2 

■L.  t 

i  no 

±  1  u 

P  ^ 

^  ft 

3.1 

3.1 

P  A 

3.5 

2.4 

2.2 

p  n 

O  •  i 

c;  A 
o  .  \j 

5.1 

5.6 

4.  ft 

4.6 

3.9 

3.9 

P  4. 

no 

7  2; 

7.3 

5.7 

5  O 

6.6 

5.6 

4.0 

200 

8.1 

9.1 

6.8 

6.9 

7.2 

7,7 

8.4 

5.2 

4.8 

4.0 

210 

12.2 

10.0 

9.2 

9.5 

8.1 

11.6 

9.2 

7.0 

6.7 

4.5 

220 

12.5 

11.3 

8.5 

8.0 

9.4 

11.9 

10.4 

6.5 

5.6 

5.2 

230 

10.7 

11.0 

11.6 

8.5 

7.1 

10.0 

10.0 

8.9 

6.0 

3.9 

240 

10.3 

10.0 

9.4 

7.5 

8.6 

10.0 

8.4 

7.2 

5.3 

4.8 

250 

8.8 

9.2 

8.9 

6.3 

8.5 

8.4 

4.9 

6.8 

4.4 

4.7 

260 

6.2 

5.3 

5.3 

6.5 

5.0 

5.9 

4.3 

4.1 

4.6 

2.8 

270 

4.5 

4.7 

3.4 

3.6 

4.0 

4.3 

3.4 

2.6 

2.5 

2.2 

280 

3.3 

3.7 

3.5 

4.0 

1.4 

3.1 

1.7 

2.7 

2.8 

.8 

290 

1.7 

1.9 

2.6 

1.7 

1.5 

1.6 

1.2 

2.0 

1.2 

.8 

300 

1.6 

1.3 

2.9 

1.9 

1.6 

1.5 

1.3 

2.2 

1.3 

.9 

Up 

1.7 

1.5 

1.9 

4.0 

11.0 

1.6 

1.4 

1.5 

2.8 

6.1 
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12 

13 

14 

26 

29 

12 

13 

14 

26 

29 

Cuts 

%  Unsaturated 

Basis 

of  Recovered. 

°C 

in  each  cut 

% 

Unsaturated 

in 

each 

cut 

95 

100 

43.0 

29.0 

2.9 

1.6 

1.5 

125 

31.2 

31.0 

27.0 

.7 

1.6 

1.1 

150 

12.2 

16.8 

20.0 

24.0 

24.0 

.22 

.45 

.6 

1.1 

1.0 

160 

2.4 

5.2 

12.4 

15.0 

17.0 

.04 

.11 

.3 

.5 

.5 

170 

3.3 

3.6 

6.8 

12.0 

12.0 

.08 

.14 

.2 

.4 

•4 

180 

1.2 

2.4 

6.8 

9.0 

12.0 

.06 

.22 

.4 

.5 

.5 

190 

0.0 

2.4 

5.6 

8.0 

10.0 

0.00 

.17 

•  4 

.5 

.5 

200 

2.0 

2.4 

3.6 

9.0 

9.0 

.16 

.22 

.2 

.6 

.7 

210 

1.6 

2.8 

3.6 

8.0 

9.0 

.20 

.28 

.3 

.7 

.7 

220 

•8 

2.8 

4.0 

5.0 

8.0 

.10 

.32 

.3 

.4 

.8 

250 

.8 

2.0 

3.6 

7.0 

7.0 

.09 

.22 

.4 

.6 

.5 

240 

.8 

2.0 

3.6 

6.0 

7.0 

.08 

.20 

.3 

.5 

.6 

250 

2.0 

2.0 

3.6 

6.0 

9.0 

.18 

.18 

.3 

.4 

.8 

260 

0.0 

2.0 

3.6 

7.0 

9.0 

0.00 

.11 

.2 

.5 

.5 

270 

2.0 

2.0 

4.0 

8.0 

9.0 

.09 

.09 

.1 

.3 

.4 

280 

2.0 

3.2 

4.0 

8.0 

9.0 

.07 

.12 

.1 

.3 

.1 

290 

3.7 

4.0 

4.4 

9.0 

9.0 

.06 

.08 

.1 

.2 

.1 

300 

4.5 

6.9 

9.6 

9.0 

9.0 

.07 

.09 

.3 

.2 

.1 

I 
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Cuts 
or 

1? 

Basis 
in 

13        14  26 

of  Original, 
Unsaturated 
each  cut 

29 

12 

13        14        26  ' 
%  Aromatic s 
in  each  cut 

29 

95 

0.0 

2.2 

1.4 

.8 

52.5 

68.0 

125 

0.0 

.6 

1.1 

.6 

23.6 

56.0 

63.0 

150 

.22 

.41 

.5 

.8 

.5 

19.6 

20,8 

25.6 

46.0 

43.0 

160 

.04 

.10 

.2 

.3 

.3 

14.7 

16,8 

22.8 

40.0 

37.0 

170 

.08 

.13 

.2 

.3 

.2 

16.7 

17.6 

21.6 

33.0 

36.0 

180 

.06 

•20 

.3 

•4 

.3 

15.1 

19.2 

19.2 

35.0 

34.0 

190 

.00 

.16 

.3 

.3 

.3 

16.3 

19.6 

19.6 

31.5 

35.0 

200 

.16 

•20 

.2 

♦4 

.4 

21.1 

18.8 

20.0 

30.0 

33.0 

210 

.20 

.26 

.3 

.5 

.4 

16,3 

17.2 

18.4 

29.5 

30.5 

220 

.10 

.29 

.3 

•  3 

•4 

18.4 

16.4 

18.0 

28.0 

32.0 

230 

.09 

.20 

.3 

.4 

.3 

18,0 

18.8 

18.0 

27.0 

35.5 

240 

.08 

.18 

.3 

.3 

.3 

16.3 

16.4 

18.0 

25.0 

32.0 

250 

.18 

.17 

•3 

•  ** 

.3 

.4 

14.7 

17.2 

18-0 

26-0 

31.0 

260 

.00 

.10 

.2 

.3 

.3 

13.5 

18.4 

18.4 

28.0 

33.0 

270 

.09 

.09 

.1 

.2 

.2 

18.0 

18.8 

19.2 

27.0 

36.0 

280 

.07 

.05 

.1 

.2 

.07 

18.0 

18.4 

20.0 

33.0 

38.0 

290 

•  06 

•08 

.1 

.1 

.07 

16.7 

16.4 

19.6 

34.0 

41.0 

300 

.07 

.09 

.2 

.1 

.08 

20.4 

21.1 

16.0 

32.0 

49.5 

.  V 
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12        13        14        26        29  12        13        14        26  29 

Cuts    per  cent    Aromatics  on  basis  Per  cent    Aromatics  cm  basis 

oc#  of  Recovered  oil  of  Original  oil 


VD 

2-0 

w  9  w 

3-4 

1-4 

X  .  "Z 

1-9 

X  .  9 

ICO 

-6 

2-9 

2-5 

w  9  w 

9  J 

2.0 

1-4 

x  .  ~ 

1  ^0 

9  ww 

-55 

9  w  w 

-8 

2-1 

** .  x 

1-7 

X.I 

-33 

9  w 

.50 

9  w  W 

.6 

•  *> 

1.5 

Jk  9  W 

.9 

.25 

9  W  W 

-35 

9  WW 

-5 

1.3 

x  •  v» 

1-] 

x  •  X 

-24 

.32 

9)  * 

.4 
•  * 

-9 
•  • 

.6 

9  V» 

170 

X  ■  V 

-42 

-67 

.7 

1.0 

x  •  V 

1*3 

X  .  V 

•61 

.5 

.7 

9  * 

.7 

9  * 

180 

-77 
•  •  • 

-96 

9  w  W 

1-0 

X  .  V 

2.0 

w  0  w 

1-5 

X  •  KS 

.73 

9  i  w 

.88 

.8 

1.4 

Jb  9  tx 

.8 

9 

1-18 

1-44 

1-4 

X  .  T 

1.8 

X  #  V 

1.8 

x  •  V 

1-32 

1.29 

1.1 

Jk  9  J* 

1.3 

Jk  9  w 

1.0 

Jk  #  w 

200 

CUV 

1-71 

X  .  1  X 

1-72 

1-4 

x  •  ■* 

2.1 

~  .  x 

2-4 

1-62 

JL  ft  WW 

1.58 

Jk  9  w 

1.0 

1.5 

1.3 

Jk  9  W 

210 

1.99 

1-72 

1-7 

x  .  » 

2.8 

w  £w 

2.5 

w  9  w 

1.89 

Jk  9  Ww 

1.58 

Jk  9 

1.3 

Jk  9  w 

2.0 

w  9  w 

1.4 

x 

220 
ecu 

2-30 

1-86 

X  #  WW 

1-5 

2-2 

W  9  £* 

3-0 

W  0  W 

2-18 

w  9  Jk  w 

1.71 

X  •  1  X 

1.2 

x  •  t» 

1-6 

x.v 

1.7 

x  •  1 

230 

www 

1-92 

.  k  ^  V  W 

2-07 

w  9  W  1 

2-1 

~  .  x 

2.3 

W  0  w 

2-5 

1-82 

JL  9  wrw 

1.90 

it  #  v  W 

1.6 

1.6 

x.  w 

1.4 

Jk  •  * 

240 

1-68 

X  0  WW 

1-64 

1-7 

X.I 

1-9 

X  •  9 

2-8 

w  0  w 

1-60 

X  9  W»y 

1-51 

Jk  9  w  JU 

1-3 

1-3 

x  ••y 

1.5 

X  .  <J 

250 

1.29 

1,58 

1.6 

1.6 

2.6 

1.22 

1.45 

1.2 

1.1 

1.5 

260 

.84 

•98 

1.0 

1.8 

1.7 

•80 

.90 

.8 

1.3 

.9 

270 

.81 

•88 

.7 

1.0 

1.4 

.77 

.81 

.5 

.6 

•8 

280 

.59 

.68 

.7 

1.3 

.5 

.56 

.62 

.6 

.9 

.3 

290 

.28 

.31 

.5 

.6 

.6 

.27 

•  28 

•  4 

.4 

•3 

300 

.33 

•28 

.5 

.6 

.8 

.31 

.26 

.4 

.4 

.4 

25 

Table  2  (Continued) 


Cuts 

or 

1? 
i& 

Per 

13 
cent  ' 

14  26 
Miphatics  in 
cut 

29 

each 

12        13        14  26 
Per  cent   Aliphatics  on 
of  Recovered  oil 

29 
basis 

95 

4.5 

2.0 

.2 

.1 

125 

45.2 

13.0 

10.0 

1.3 

.7 

.4 

150 

68.2 

62.4 

54.4 

30.0 

33.0 

1.23 

1.67 

1.7 

1.3 

160 

82.9 

78.0 

64.8 

45.0 

46.0 

1.41 

1.61 

1.5 

1.4 

1.4 

170 

80.1 

80.8 

71.6 

55.0 

52.0 

2.00 

3.07 

2.2 

1.7 

1.9 

180 

83.7 

80.4 

74.4 

56.0 

54.0 

4.27 

4.02 

3.8 

3.1 

2.4 

190 

83.7 

80.0 

74.4 

61.5 

55.0 

6.02 

5.76 

5.4 

3.5 

2.8 

200 

76.9 

80.8 

76.4 

61.0 

58.0 

6.23 

7.38 

5.2 

4.2 

4.2 

210 

82.1 

82.0 

78.0 

63.0 

60.5 

10.01 

8.20 

7.2 

6.0 

4.9 

220 

80.8 

82.8 

78.0 

67.0 

60.0 

10.10 

9.38 

6.6 

5.4 

5.7 

230 

81.2 

79.2 

78.4 

66.0 

57.5 

8.69 

8.71 

9.1 

5.6 

4.1 

240 

82.9 

81.6 

78.4 

69.0 

59.0 

8.54 

8.16 

7.4 

5.2 

5.1 

250 

83.3 

80.8 

78.4 

68.0 

60.0 

7.33 

7.43 

7.0 

4.3 

5.1 

260 

86.5 

79.6 

78.0 

65.0 

58.0 

5.36 

4.24 

4.1 

4.2 

2.9 

270 

80.0 

79.2 

76.8 

65.0 

55.0 

3.60 

3.70 

2.6 

2.3 

2.2 

280 

80.0 

80.4 

76.0 

59.0 

53.0 

3.64 

2.95 

2.7 

2.4 

.7 

290 

79.6 

79.6 

76.0 

57.0 

50.0 

1.36 

1.49 

2.0 

1.0 

.8 

300 

75.1 

72.9 

74.4 

59.0 

41.5 

1.20 

♦97 

2.1 

1.1 

.7 

I 
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12        13        14        26        29  12        13        14        26  29 

Cuts    Per  cent  Aliphatics  on  basis  Specific  Gravity 

°C.  of  Original  oil  of  each  cut 


QS 

.1 

-05 

9)  •/ V 

.746 

.770 

.821 

IPS 

1.0 

.5 

.2 

.781 

.802 

.832 

ISO 

1.17 

1-53 

1.3 

1-0 

.7 
•  • 

.765 

9  1  w 

,766 

.786 

.804 

.831 

1-34 

1.48 

1.2 

X  9  w 

1.0 

.8 

.776 

.777 

.788 

.807 

,824 

1-90 

2-82 

1-7 

1-2 

1-0 

.782 

.785 

.792 

9)  f  w 

.808 

.821 

180 

4-06 

*  9)  W 

3-69 

2-9 

2.2 

1-3 

-790 

9  l  I'fw 

-798 

-812 

.822 

190 

5.72 

5-29 

4.2 

*  • 

2.5 

1.5 

.796 

,797 

,803 

.817 

.825 

200 

5-92 

6-77 

4.0 

*  •  ^ 

3.0 

2.3 

.803 

-803 

,809 

.822 

.834 

210 

9.55 

7.53 

5.5 

4.2 

2.7 

.808 

.812 

.816 

.830 

.843 

220 

10,05 

8.62 

5.1 

3.8 

3.1 

.814 

.817 

9  w  ^  I 

♦  821 

.837 

.850 

230 

WWW 

8.25 

7.99 

f   9   ✓  w 

7.0 

3.9 

2.3 

.822 

.822 

.826 

•843 

.857 

240 

8.1 

7.49 

5.6 

3.6 

2.8 

.827 

.828 

.832 

.848 

.868 

250 

7.0 

6.82 

5.4 

3.0 

2.8 

.833 

.834 

.838 

.854 

.868 

260 

5.1 

3.89 

3.3 

3.0 

1.6 

.837 

.837 

.844^ 

.863 

.877 

270 

3.4 

3.40 

2.0 

1.6 

1.2 

.842 

.841 

.848 

.867 

.884 

280 

3.4 

2.71 

2.1 

1.6 

.4 

.844 

.845 

.856 

.878 

.896 

290 

1.29 

1.37 

1.5 

.7 

.4 

.848 

.850 

.859 

.890 

.906 

300 

1.14 

.89 

1.6 

.8 

.4 

.857 

.857 

.868 

.896 

.927 

Gas 

analysis . 

14 

26 

29 

14 

26 

oo 

co2 

.0 

1.6 

1.5 

H 

9.5 

10.8 

18.3 

• 

C2H2 

.3 

1.0 

.0 

CO 

.0 

.1 

.2 

Unsat.50.5 

38.2 

30.2 

C2H6 

9.5 

.0 

.0 

C2H4 

.7 

.4 

.4 

C  H4 

27,7 

47.0 

49.1 

Aroma t. 2, 6 

1.0 

.4 

100,8  ICKJ7T 

100.1 

Prom  Table  2 


The  Effect  of  Temperature  on  Hydro- 
carbon Yapcrs  at  Atmospheric 
pressure, 

The  per  cent  of  the  three  types  of 


Temperature. 
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Table  3,      The  Effect  of  Temperature  on  Hydrocarbon  Vapors 
at  40  Pounds  Pressure, 

The  effect  of  temperature  with  a  constant  pressure  of  40 
pounds  per  squere  inch  or  the  retort  was  studied  in  these  runs. 
With  pressure  on  the  system  the  recovery  fell  off  very  rapidly  as  the 
temperature  increased.    The  volume  of  gas  was  much  greater  with  pres- 
sure while  the  specific  gravity  of  the  recovered  oil  was  also  higher 
with  pressure  on  the  system. 

That  the  gas  increased  with  pressure  seems  to  be  in  contra- 
diction to  Le  Chatelier'ff  law  yet  the  speed  of  any  reaction  is  in 
direct  proportion  to  the  concentration  of  the  reacting  substances. 
Pressure  does  increase  the  concentration  which  accounts  for  the  in- 
creased volume  of  gas.    On  the  other  hand  the  fact  that  the  specific 
gravity  was  increased  and  that  the  "300  up"  fraction  was  very  much 
increased  by  pressure  indicates  that  Le  Chatelier's  law  is  being 
obeyed  as  well. 

In  Run  27  the  unsaturated  hydrocarbon  content  was  17  per 
cent  while  Runs  15  and  30  contained  10  and  15  per  cent  respectively. 
The  unsaturated  hydrocarbons  in  the  first  cuts  decreased  as  the  tem- 
perature was  increased  while  the  aromatics  increased.    The  volume  of 
the  first  cuts  also  increased  with  the  temperature. 

The  question  now  arises,  what  became  of  the  unsaturated  hy- 
drocarbons in  the  first  cuts?    There  are  but  two  possibilities. 
These  hydrocarbons  may  go  to  gas  and  carbon  or  they  may  be  converted 
into  aromatics.    Some  (26)  think  that  the  more  unsaturated  a  hydro- 
carbon is  the  less  stable  it  is  and  the  more  readily  it  will  disin- 
trigate.    Egloff  (29)  claims  thst  a  "cracked"  oil  does  not  yield  ar- 
omatics as  readily  as  does  an  "uncracked".    Prom  this  one  gathers 
that  the  formation  of  aromatic  hydrocarbons  from  unsaturated  hydro- 
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carbons  is  not  likely.     However  this  point  is  still  open  for  discus- 
sion.   From  the  data  it  is  shown  that  the  unsaturated  hydrocarbons 
were  more  stable  than  were  the  aliphatics  and  the  aromatics  were  the 
most  stable  of  the  three  forms,    A  reaction  tends  to  go  from  the  un- 
stable condition  to  the  one  of  greater  stability,    Gas  and  carbon 
are  stable  it  is  true  but  so  are  aromatic  hydrocarbons  under  the  con- 
ditions.    Is  it  not  possible  that  some  of  the  unsaturated  hydrocar- 
bons were  changed  to  aromatics? 

The  aromatic  hydrocarbons  increased  much  more  rapidly  with 
pressure  and  temperature  than  with  temperature  alone.    The  paraffin 
content  of  the  recovered  oil  decreased  very  much  indeed  and  would 
likely  disappear  under  the  same  pressure  at  about  700°  C, 

The  gas  indicated  practically  the  same  as  it  did  in  Table 
2  except  that  the  aromatics  in  Run  15  were  higher  than    is  consistant 
which  ind.ica.tes  incomplete  absorption  while  the  gas  was  over  the  con- 
centrated sulfuric  acid. 

Temperature  therefore  hastens  the  decomposition  of  hydro- 
carbons.   When  a  paraffin  hydrocarbon  of  rather  high  molecular 
weight  is  subjected  to  thermal  decomposition  at  atmospheric  pressure 
the  first  cuts  contain  chiefly  unsaturated  hydrocarbons,  with  pres- 
sure the  aromatic  hydrocarbons  predominate.     In  either  case  the  ali- 
phatic content  of  these  fractions  is  very  low. 


Table  3 

The  Effect  of  Temperature  on  Hydrocarbon 
Vapors  at  40  Pounds  Pressure 


Run 

Pres- 

Pres- 

Tem- 

Rate 

Re- 

Spe- 

No. 

sure 

sure 

pera- 

cc 

cov- 

cific 

on 

on 

ture 

per 

ery 

Grav- 

Con- 

Fur- 

min- 

ity 

dens- 

nace 

ute 

ers 

15 

0 

40 

510 

62 

83 

.824 

27 

0 

40 

550 

74 

53 

.864 

30 

0 

40 

600 

75 

37 

.910 

Cu.Pt.  Recovered 
Gas      %         %  % 
per    Un-     Ar-  Mi- 
ll ter  sat-  omat-  phat« 
Orig.  ura-    ics  ics 
Oil  ted 

4.2      10        21  69 
9.5      17        41  42 
14.0      15        59  26 


Analysis  of  Recovered  Oil 


Cuts 
°C. 

95 

15 

%  of 
in 
3.0 

27  30 
Recovered 
each  cut 

5.7  8.0 

15 
%  of 
in 
2.5 

27  30 
Original 
each  cut 
3.2  3.0 

15        27  30 
%  Unsaturated 
in  each  cut 
100.0    35.0  30.0 

125 

M  w  KS 

2.9 

8.9 

8.5 

2.4 

4.2 

3.1 

31.2 

30.0 

17.0 

150 

3.7 

6.1 

6.0 

3.1 

3.2 

2.2 

16.0 

34.0 

23.0 

160 

2.8 

3.3 

1.7 

2.3 

1.7 

.7 

12.0 

20.0 

70.0 

170 

3.6 

4.6 

3.6 

3.0 

2.4 

1.3 

9.6: 

18.0 

9.0 

180 

4.0 

5.2 

5.4 

3.3 

2.8 

2.0 

6.8 

15.0 

12.0 

190 

6.7 

5.0 

5.4 

5.6 

2.7 

2.0 

6.0 

13.0 

13.0 

200 

8.3 

7.7 

4.5 

6.9 

4.1 

1.7 

6.0 

11.0 

13.0 

210 

9.1 

7.4 

6.6 

7.5 

3.9 

2.4 

6.0 

11.0 

11.0 

220 

11.3 

8.3 

7.5 

9.4 

4.4 

2.8 

5.2 

11.0 

9.0 

230 

8.9 

6.2 

4.5 

7.4 

3.3 

1.7 

4.4 

10.0 

11.0 

240 

8.3 

6.3 

5.4 

6.9 

3.3 

2.0 

4.0 

10.0 

11.0 

250 

6.5 

4.7 

4.7 

5.4 

2.5 

1.8 

4.0 

12.0 

11.0 

260 

6.8 

4.3 

2.7 

5.6 

2.3 

1.0 

4.8 

13.0 

11.0 

270 

3.8 

2.6 

2.7 

3.2 

1.4 

1.0 

5.2 

13.0 

11.0 

280 

2.8 

1.7 

1.4 

2.3 

.9 

.5 

5.2 

14.0 

8.0 

290 

2.6 

1.3 

.9 

2.2 

.7 

.3 

6.0 

15.0 

12.0 

300 

1.7 

1.4 

1.1 

1.4 

.7 

.4 

8.0 

20.0 

14.0 

Up 

3.1 

5.0 

15.0 

2.6 

2.7 

5.5 

Table  3  (Continued) 

15        27        30  15        27        30  15        27  30 

Cuts      %  Unsaturated  on  %  Unsaturated  on  %  Aromatlcs 

°C.  basis  of  Recovered  basis  of  Original  in  each  cut 

oil  oil 


95 

3.0 

2.0 

2.4 

2.5 

1.1 

.9 

60.0 

68.0 

125 

.9 

2.4 

1.5 

.8 

1.3 

.5 

30.1 

60.0 

78.0 

150 

•6 

2.1 

1.4 

.5 

1.1 

.5 

26.0 

42.0 

60.5 

160 

.3 

.7 

.1 

.3 

.4 

.04 

24.0 

43.0 

66.0 

170 

.4 

•8 

.3 

.3 

.4 

.1 

26.0 

39.0 

55.0 

180 

•3 

.8 

.7 

.2 

.4 

.2 

25.8 

35.0 

48.0 

190 

.4 

.7 

.7 

.3 

•5 

.3 

23.2 

36.0 

45.0 

200 

.5 

.9 

.6 

.4 

.5 

.2 

22.8 

37.0 

46.0 

210 

.5 

.8 

.7 

.4 

•4 

.3 

22.4 

35.0 

46.0 

220 

.5 

.9 

.7 

.4 

.5 

.3 

21.2 

33.0 

47.0 

230 

.4 

.6 

.6 

•3 

.3 

.2 

18.4 

35.0 

42.0 

240 

.3 

.6 

.6 

.3 

.3 

.2 

18.0 

33.0 

58.0 

250 

•  3 

.6 

.5 

.2 

.3 

.2 

17.6 

35.0 

51.0 

260 

.3 

.6 

.3 

.3 

.3 

.1 

16.4 

37.0 

55.0 

270 

.2 

.3 

.3 

.2 

.2 

.1 

16.0 

41.0 

60.0 

280 

.1 

.2 

.1 

.1 

•  1 

.04 

20.0 

42.0 

60.0 

290 

.2 

.2 

.1 

.1 

•1 

.04 

18.4 

45.0 

62.0 

300 

.1 

.3 

.2 

.1 

.2 

.06 

19.2 

43.0 

64.0 

Table  3  (Continued) 


15        27        30  15        27        30  15        27  30 

Cuts       %  Aromatics  on  %  Aromatics  on  %  Allphatics 

©C. basis  Recovered  oil      basis  Original  oil  in  each  cut 


95 

.0 

3.4 

5.4 

.0 

1.8 

2.0 

.0 

5.0 

2.0 

125 

1.1 

4.8 

6.6 

.9 

2.6 

2.5 

29.7 

10.0 

5.0 

150 

1.0 

2.6 

3.6 

.8 

1.4 

1.3 

58.0 

24.0 

16.5 

160 

.7 

1.4 

1.2 

.6 

.8 

.4 

64.0 

37.0 

27.0 

170 

.9 

1.8 

2.0 

.8 

1.0 

.7 

64.4 

43*0 

36,0 

180 

1.0 

1.8 

2.6 

.9 

1.0 

1.0 

67.4 

50.0 

40.0 

190 

1.6 

1.8 

2.4 

1.3 

1.0 

.9 

70.8 

51.0 

42.0 

200 

1.9 

2.9 

2.1 

1.6 

1.5 

.8 

71.2 

52.0 

41.0 

210 

2.0 

2.6 

3.0 

1.7 

1.4 

1.1 

72.4 

54.0 

43.0 

220 

2.4 

2.7 

3.5 

2.0 

1.5 

1.3 

74.4 

56.0 

44.0 

230 

1.6 

2.2 

1.9 

1.4 

1.2 

.7 

77.6 

55.0 

47.0 

240 

1.5 

2.1 

3.1 

1.2 

1.1 

1.1 

78.0 

57.0 

31.0 

250 

1.1 

1.7 

2.4 

1.0 

.9 

.9 

78.4 

53.0 

38.0 

260 

1.1 

1.6 

1.5 

.9 

•8 

.6 

78.8 

50.0 

34.0 

270 

.6 

1.1 

1.7 

.5 

•6 

.6 

78.8 

46.0 

29.0 

280 

.6 

.7 

.8 

•5 

.4 

•5 

74.8 

44.0 

32.0 

290 

.5 

.6 

.6 

.4 

.3 

.2- 

75.6 

40.0 

26.0 

300 

.3 

.6 

.7 

.3 

.3 

.3 

72.8 

37.0 

22.0 

33 

Table  3  (Continued) 


15        27        30  15        27        30  15        27  30 

Cuts       %  Aliphatics  on  %  Aliphatics  on  Specific  Gravity 

°C.  basis  Recovered  oil    basis   Original  oil  of  each  cut. 


95 

.0 

.3 

.2 

.0 

.2 

.06 

.745 

.796 

.845 

125 

.9 

.8 

.4 

.7 

.4 

.2 

.793 

.830 

.843 

150 

2.2 

1.5 

1.0 

1.8 

.8 

.4 

.793 

.857 

.850 

160 

1.8 

1.2 

.5 

1.5 

.7 

.2 

.796 

.825 

.837 

170 

2.3 

2.0 

1.3 

1.9 

1.3 

.5 

.799 

.824 

.840 

180 

2.7 

2.6 

2.2 

2.3 

1.4 

.8 

.803 

.830 

.846 

190 

4.8 

2.6 

2.3 

4.0 

1.4 

.8 

.809 

.834 

.854 

200 

5.9 

4.0 

1.9 

4.9 

2.1 

.7 

.815 

.842 

.865 

210 

6.6 

4.0 

2.8 

5.5 

2.1 

1.1 

.820 

.850 

.877 

220 

8.4 

4.7 

3.3 

7.0 

2.5 

1.2 

.827 

.859 

.889 

230 

6.9 

3.4 

2.1 

5.7 

1.8 

.8 

.831 

.866 

.899 

240 

6.5 

4.6 

1.7 

5.4 

1.9 

.6 

.836 

.872 

.908 

250 

5.1 

2.5 

1.8 

4.2 

1.3 

.7 

.840 

.884 

.921 

260 

5.4 

2.2 

1.0 

4.4 

1.3 

.4 

.848 

.898 

.928 

270 

3.0 

1.2 

.8 

2.5 

.6 

•3 

.851 

.910 

.941 

280 

2.1 

.8 

•5 

1.7 

.4 

.2 

.856 

.916 

290 

2.0 

*5 

•2 

1.6 

•3 

.1 

.860 

.930 

300 

1.3 

.5 

.2 

1.1 

.3 

•  1 

.869 

.945 

Gas  analysis. 

15 

27 

30 

15 

27 

30 

C02 

.4 

.4 

.2 

H 

14.7 

14.4 

38.8 

C2H2 

.2 

.0 

.3 

CO 

.3 

.1 

.5 

Unsat. 

7.9 

17.8 

1.7 

C2H6 

8.3 

0.0 

0.0 

C2H4 
Aromat . 

1.2 
7.6 

.4 

1.1 

.5 
2.0 

C  H4 

59.0  66.6 
106. 7 

59.4 
SS.4 

Prom  Table  3. 

The  Effect  of  Temperature  on  Hydro- 
carbon  Vapors  at  40  Pounds 
Pressure. 

The  per  cent  of  the  three  types  of 
hydrocarbons  in  any  given  cut. 
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30  A, 


30  A 


27  A. 


27 

30  tr 


t 


X 


15  A 


150  180  210 

Temperature. 


19  ^ 


15  u 


EES 


240        270  300 
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Table  4.      The  Effect  of  Pressure  on  Hydrocarbon  Vapors  at 

510°  C. 

At  the  above  temperature  pressure  had  but  little  effect  on 
the  recovered  oil.  The  amount  recovered  was  6  per  aent  greater  for 
the  run  with  pressure  and  the  aromatic  hydrocarbons  and  unsaturated 
hydrocarbons  were  increased  slightly.    The  unsaturated  content  of 
the  gas  in  the  pressure  run  however  was  decreased  six  fold  while  the 
hydrogen  and  methane  were  increased.    Pressure  increased  the  specific 
gravity  of  the  various  cuts. 
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Table  4 


The  Effect  of  Pressure  on  Hydrocarbon 
Vapors  at  510°  C. 


Run 

Pres- 

Pres- 

Tem- 

Rate 

Re- 

Spe- 

Cu8Pt. Recovered 

No. 

sure 

sure 

pera- 

cc 

cov- 

cific 

Gas  % 

%  % 

on 

on 

ture 

per 

ery 

Grav- 

per  Un- 

Ar-  Ali- 

Con- 

Fur- 

min- 

ity 

liter  sat- 

omat-  phat- 

dens- 

nace 

ute 

Orig.  ura- 

ics  ics 

ers 

Oil  ted 

14 

0 

0 

510 

88 

77 

.822 

2.1  8 

19  73 

15 

0 

40 

510 

62 

83 

.824 

4.2  9 

21  70 

Analysis  of  Recovered  Oil 
14        15      14        15      14        15     14        15  14        15        14  15 


Cuts    %  of  Re-    %  of  Orig-    %  Unsat-    $Unsatu-         %  Unsaturate  %  Aro- 


°c. 

covered 

inal  in 

urated 

rated 

on 

ed  on 

basis 

matics 

in  each 

each 

cut 

in  each 

basis 

Re- 

Original  oil  in  each 

cut 

cut 

covered. 

cut 

95 

2.9 

3.0 

2.2 

2.5 

100 

100 

2.9 

2 

'.0 

2.2 

2.5 

0.0 

0.0 

125 

2.4 

2.9 

1.8 

2.4 

31.2 

31.2 

.7 

.9 

.6 

.8 

23.6 

39.1 

150 

3.1 

3.7 

2.4 

3.1 

20.0 

16.0 

.6 

.6 

.5 

.5 

25.6 

26.0 

160 

2.4 

2.8 

1.8 

2.3 

12.4 

12.0 

.3 

.3 

.2 

.3 

22.8 

24.0 

170 

3.1 

3.6 

2.4 

3.0 

6.8 

9.6 

.2 

.4 

.2 

.3 

21.6 

26.0 

180 

5.1 

4.0 

3.9 

3.3 

6.8 

6.8 

.4 

.3 

.3 

.2 

19.2 

25.8 

190 

f  .O 

O  .  I 

5.6 

5.6 

5.6 

6.0 

.4 

.3 

.3 

19.6 

23.2 

200 

6.8 

8.3 

o 

o.<c 

3.6 

6.0 

.2 

.5 

.2 

•  4 

20.0 

22.8 

210 

9.2 

9.1 

7.0 

7.5 

3.6 

5.2 

.3 

.5 

.3 

.4 

18.4 

22.4 

220 

8.5 

11.3 

6.5 

9.4 

4.0 

4.4 

.3 

.5 

.3 

•4 

18.0 

21.2 

230 

11.6 

8.9 

8.9 

7.4 

3.6 

4.0 

.4 

.4 

.3 

.3 

18.0 

18.4 

240 

9.4 

8.3 

7.2 

6.9 

3.6 

4.0 

.3 

.3 

.3 

.3 

18.0 

18.0 

250 

8.9 

6.5 

6.8 

5.4 

3.6 

4.0 

.3 

.3 

.3 

.2 

18.0 

17.6 

260 

5.3 

6.8 

4.1 

5.6 

3.6 

4.8 

.2 

.3 

.2 

.3 

18.4 

16.4 

270 

3.4 

3.8 

2.6 

3.2 

4.0 

5.2 

.1 

.2 

.1 

.2 

19.2 

16.0 

280 

3.5 

2.8 

2.7 

2.3 

4.0 

5.2 

.1 

.1 

.1 

.1 

20.0 

20.0 

290 

2.6 

2.6 

2.0 

2.2 

4.4 

5.2 

.1 

.2 

.1 

.1 

19.6 

18.4 

300 

2.9 

1.7 

2.2 

1.4 

9.6 

8.0 

.3 

.1 

.2 

.1 

16.0 

19.2 

Up 

1.9 

3.1 

1.46 

2.6 

Table  4  (Continued) 


14 

15 

14 

15 

14 

15 

14 

15 

Cuts 

%  Aroma t- 

%  Aromat- 

% Aliphat- 

X  Aliphat- 

°C. 

ics 

on 

ic?? 

on 

ics 

ics  on 

basis 

Re- 

basis 

Orig- 

in  each  cut  basis 

Re- 

covered 

inal 

covered 

/*»  r- 

95 

0.0 

0.0 

0.0 

0.0 

A  A 
0.0 

A  A 
U  .0 

0.0 

0.0 

IOC 

125 

.6 

1.1 

.4 

.9 

AC.  O 

OA  *7 

1.3 

.9 

1  CA 

150 

.8 

1.0 

.6 

.8 

a  a  a 
54.4 

CQ  A 
OO.O 

1.7 

2.2 

160 

.5 

.7 

.4 

.6 

C  A  Q 

64. o 

C  A  A 

64.0 

1.5 

1.8 

1  1 0 

.7 

.9 

.5 

.8 

I  l.o 

64.4 

2.2 

2.3 

T  QA 

loU 

1.0 

1.0 

.8 

.9 

f  4.0 

cry  a 
0  /  «  4 

3.8 

2.7 

1  QA 

iyo 

1.4 

1.6 

1.1 

1.3 

•7/1  Q 

1 4  »o 

•7A  Q 

5.4 

4.8 

OA  A 

1.4 

1.9 

1.0 

1.6 

net  a 
I D  ,4 

•71  O 

5.2 

5.9 

OTA 

1.7 

2.0 

1.3 

1.7 

ri  0  /% 
f  O.U 

•70  / 

7.2 

6.6 

OOA 

1.5 

2.4 

1.2 

2.0 

r»Q  0 
f  o.  U 

•7  A  A 

/  4,4 

6.6 

8.4 

2.1 

1.6 

1.6 

1.4 

f  CT  .  4 

nn  tt 

9.1 

6.9 

9  A  A 

1.7 

1.5 

1.3 

1.2 

no  a 
f  O  •  4 

170  a 

7.4 

6.5 

1.6 

1.1 

1.2 

1.0 

f  0.4 

•7Q  A 

f  o»4 

7.0 

5.1 

1.0 

1.1 

.8 

.9 

•7Q  A 

no  Q 

4.1 

5.4 

.7 

.6 

.5 

.5 

76.8 

78.8 

2.6 

3.0 

OQA 

.7 

.6 

.6 

c 
.0 

76,0 

74.8 

O  <7 
it9  / 

290 

.5 

.5 

.4 

A 

.4 

76.0 

75.6 

O  A 

O  A 

d  .0 

300 

.5 

.3 

A 

•  •-> 

74.4 

72.8 

<■  .  J. 

Gas  analysis. 

14 

15 

14 

15 

0.0 

.4 

H2 

9.5 

14.7 

C2H2 

0.3 

.2 

CO 

.0 

.3 

Unsat50.5 

7.9 

C2 

H6 

9.5 

8.3 

C2H4 

.7 

1.2 

C 

H4 

27.7 

59.0 

100.8 

99.5 

Aromat2.6 

7.6 

14  15 
%  Aliphat- 

ics  on 
basis  Orig- 
inal 
0.0  0.0 

1.0  .7 

1.3  1.8 
1.2  1.5 
1.7  1.9 
2.9  2.3 

4.2  4.0 

4.0  4.9 

5.5  5.5 

5.1  7,0 
7.0  5.7 

5.6  5.4 

5.4  4.2 

3.3  4.4 

2.0  2.5 

2.1  1.7 

1.5  1.6 

1.6  1.1 
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14  15 
Specific 
Gravi  ty 
.  of  each 

cut 
.746  ,745 

,781  .793 

,786  .793 

.788  .796 

.792  .799 

.798  .803 

.803  .809 

.809  ,83  5 

.816  .820 

.821  .827 

.826  .831 

.832  .836 

.838  .640 

.844  .848 

.848  .851 

.856  .856 

.859  .860 

,868  .869 


1 


>  « 


1  « 
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15  u 


From  Table  4. 

The  Effect  of  pressure  on  Hydro- 
carbon Vapors  at  $10°  C. 


The  per  cent  of  the  three  types  of  hydrocarbons 
in  any  given  cut. 


V14 

15 


14 


39 

Table  5.      The  Effect  of  Pressure  on  Hydrocarbon  Vapors  at 

550°  C. 

This  series  of  runs  was  made  at  atmospheric,  40,  and  75 
pounds  pressure.    The  pressure  was  maintained  on  the  condensers  as 
well  as  on  the  retort.    The  recovery  decreased  inversely  with  the 
pressure.    The  specific  gravity  increased  with  the  pressure  as  did 
also  the  aromatic  and  unsaturated  hydrocarbons.    The  paraffins  de- 
creased as  the  pressure  increased. 

In  the  first  cuts  of  the  analyzed  oil  the  unsaturated  hy- 
drocarbons predominated  in  the  run  without  pressure.    They  decreased 
with  pressure  however,  aromatics  taking  their  place.    The  unsaturated 
content  of  the  last  cuts  was    reversed  and  the  run  with  75  pounds 
pressure  had  the  greatest  amount  of  this  type  of  hydrocarbons  in 
these  cuts.    The  aromatic  hydrocarbons  in  the  last  cuts  were  greatest 
in  the  high  pressure  run  and  decreased  as  the  pressure  was  lowered. 
However  the  first  series  of  fractions  did  not  conform  to  the  theory 
and  the  highest  pressure  did  not  in  this  case  yield  the  greatest 
amount  of  aromatics  as  should  be  expected.    The  specific  gravity  of 
all  cuts  increased  with  pressure. 

In  the  gas  as  in  the  oil  the  unsaturated  hydrocarbons  de- 
creased as  the  pressure  increased  while  hydrogen  and  methane  increas- 
ed. 
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Table  5 

The  Effect  of  Pressure  on  Hydrocarbon 
Vapors  at  550°  C. 


Run 

Pres- 

Pres- 

Tem- 

Rate 

Re- 

Spe- 

Cu.Ft, 

Recovered 

No. 

sure 

sure 

pera 

cc 

cov- 

cific 

Gas 

% 

%  % 

on 

on 

ture 

per 

ery 

Grav- 

per 

Un- 

Ar-  All 

Con- 

Fur- 

min- 

ity 

liter 

sat- 

omat-  phat 

dens- 

nace 

ute 

Orig. 

ura- 

ics  ics 

ers 

Oil 

ted 

26 

0 

0 

550 

54 

70 

.841 

7.5 

11 

33  56 

28 

40 

40 

550 

74 

55 

.863 

8.8 

15 

42  43 

25 

75 

75 

550 

58 

48 

.874 

8.7 

17 

47  36 

Analysis  of  Recovered  Oil 


Cuts      26        28        25  26        28        25  26        28  25 

°C.      %  of  Recovered  %  of  Original  %  Unsaturated 

in  each  cut  in  each  cut  in  each  cut 


95 

3.8 

8.0 

10.3 

2.7 

*—  V 

4.4 

4.9 

43.0 

38. 

34.0 

125 

5.2 

7.7 

10.3 

3.6 

4.3 

4.9 

31.0 

29. 

28.5 

150 

4.6 

4.5 

6.2 

3.2 

2.5 

3.0 

24.0 

25. 

22.5 

160 

3,2 

3.4 

3.6 

2.2 

1.9 

1.7 

15.0 

18. 

24.0 

170 

3.1 

3.6 

4,0 

2.2 

2.0 

1.9 

12.0 

13. 

16.0 

180 

5.6 

4.7 

2,6 

3.9 

2.6 

1.2 

9.0 

12. 

15.0 

190 

5.7 

6.4 

5.6 

4.0 

3.5 

2.7 

8.0 

3  1. 

1 1.0 

— «-  Am    #  ^ 

200 

6.9 

6.7 

6.3 

4.8 

3.7 

3.0 

9.0 

12. 

10.5 

210 

9.5 

7.2 

5.8 

6.7 

4.0 

2.8 

8.0 

10. 

10.0 

220 

8.0 

8.5 

6.8 

5.6 

4.7 

3.2 

5.0 

9. 

10.0 

230 

8.5 

6.4 

6.4 

6.0 

3.5 

3.0 

7.0 

9. 

10.0 

240 

7.5 

1.6 

6.0 

5.3 

.9 

2.9 

6.0 

10. 

11.5 

250 

6.3 

4.0 

2.7 

4.4 

2.2 

1.3 

6.0 

10. 

14.0 

260 

6.5 

3.8 

2.9 

4.6 

2.1 

1.4 

7.0 

11. 

14.0 

270 

3.6 

2.6 

3.0 

2.5 

1.4 

1.5 

8.0 

11. 

14.0 

280 

4.0 

2.1 

2.1 

2.8 

1.2 

1.0 

8.0 

11.5 

14.0 

290 

1.7 

1.7 

1.4 

1.2 

.9 

1.1 

9.0 

13. 

16.0 

300 

1.9 

1.3 

1.4 

1.3 

.7 

1.1 

9.0 

19. 

16.0 

Up 

4.0 

8.0 

8.5 

2.8 

4.4 

4.1 

41 

Table  5  (Continued) 

26        28        25  26        28        25  26        28  25 

Cuts     Per  cent  Unsatu-        Per  cent  Unsatu-  %  Aromatics 

°C#     rated  on  basis  of      rated  on  basis  of  in  each  cut 


Recovered  oil  Original  oil 


95 

1.63 

3.0 

3.5 

1.4 

1.7 

1.7 

52.5 

61.5 

54.0 

125 

1.6 

2.2 

2.9 

1.1 

1.2 

1.4 

56.0 

66.0 

57.5 

150 

1.1 

1.1 

1.4 

•8 

.6 

.7 

46.0 

50.0 

50.0 

160 

•  5 

.6 

.9 

.3 

.3 

.4 

40.0 

48.0 

42.0 

170 

•4 

.5 

.6 

.3 

.3 

.3 

33.0 

43.0 

43.0 

180 

.5 

.6 

.4 

.4 

.3 

.2 

35.0 

41.0 

39.0 

190 

•  5 

.7 

.6 

.3 

•4 

.3 

31.5 

39.5 

40.0 

200 

.6 

.8 

.7 

.4 

.5 

.3 

30.0 

36.5 

38.5 

210 

.7 

.7 

.6 

.5 

.4 

.3 

29.5 

37.0 

37.0 

220 

.4 

.8 

.7 

.3 

.4 

.3 

28.0 

35.0 

39.0 

230 

.6 

.6 

.6 

•4 

.3 

.3 

27.0 

34.0 

38.0 

240 

.5 

.2 

.7 

.3 

.1 

.3 

25.0 

34.0 

38.5 

250 

.4 

.4 

.4 

.3 

.2 

.2 

26.0 

34.0 

38.0 

260 

.5 

.4 

.4 

.3 

.2: 

.2 

28.0 

35.0 

46.0 

270 

.3 

.3 

.4 

.2 

.2 

.2 

27.0 

36.0 

47.0 

280 

.3 

.2 

.3 

.2 

•  1 

.1 

33.0 

41.0 

51.0 

290 

.2 

.2 

.2 

.1 

.1 

.1 

34.0 

41.0 

53.0 

300 

•2 

.3 

.2 

.1 

.1 

.1 

32.0 

42.0 

57.0 

42 

Table  5  (Continued) 


26        28        25  26        28        25  26        28  25 

Cuts      %  Aromatics  on  %  Aromatics  on  %  Aliphatics 

°C.     "basis  Recovered       basis  Original  oil  in  each  cut 


95 

2.0 

oil 
4.9 

5.7 

1.4 

2.7 

2.7 

4.5 

.5 

12.0 

125 

2.9 

5.1 

5.9 

2.0 

2.8 

2.8 

13.0 

5.0 

14.0 

150 

2.1 

2.3 

3.1 

1.5 

1.3 

1.5 

30.0 

25.0 

27.5 

160 

1.3 

1.6 

1.5 

.9 

.9 

.7 

45.0 

34.0 

34.0 

170 

1.0 

1.6 

1.7 

.7 

.  .9 

.8 

55.0 

44.0 

41.0 

180 

2.0 

1.9 

1.0 

1.4 

1.1 

.5 

56.0 

47.0 

46.0 

190 

1.8 

2.5 

2.2 

1.3 

1.4 

1.1 

61.5 

49.5 

42.0 

200 

2.1 

2.5 

2.4 

1.5 

1.4 

1.2 

61.0 

51.5 

51.0 

210 

2.8 

2.7 

2.2 

2.0 

1.5 

1.0 

63.0 

53.0 

53.0 

220 

2.2 

3.0 

2.7 

1.6 

1.7 

1.3 

67.0 

56.0 

51.0 

230 

2.3 

2.2 

2.4 

1.6 

1.2 

1.2 

66.0 

57.0 

52.0 

240 

1.9 

.5 

2.3 

1.3 

•3 

1.1 

69.0 

56.0 

50.0 

250 

1.6 

1.4 

1.0 

1.1 

.8 

.5 

68.0 

56.0 

48.0 

260 

1.3 

1.4 

1.3 

1.3 

.8 

.6 

65.0 

54.0 

40.0 

270 

LQ 

.9 

1.4 

.6 

.5 

.7 

65.0 

53.0 

39.0 

280 

1.3 

.9 

1.1 

.9 

.5 

.5 

59.0 

47.0 

35.0 

290 

.6 

.7 

.7 

.4 

.4 

.4 

57.0 

46.0 

31.0 

300 

.6 

.6 

.8 

.4 

.3 

•4 

59.0 

39.0 

27.0 

I 
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Table  5  (Continued) 

26        28        25  26        28  25 

Cuts       %  Aliphatics  on  %  Aliphatics  on 

°C.  basis  Recovered  oil    basis  Original  oil 


95 

.2 

.04 

1.2 

•  1 

.02 

.6 

125 

.7 

.4 

1.4 

.5 

.2 

.7 

150 

1.4 

1.1 

1.7 

1.0 

.6 

.8 

160 

1.4 

1.2 

1.2 

1.0 

.6 

.6 

170 

1.7 

1.6 

1.6 

1.2 

.9 

.8 

180 

3.1 

2.2 

1.2 

2.2 

1.2 

.6 

190 

3.5 

3.2 

2.7 

2.5, 

1.8 

1.3 

200 

4.2 

3.5 

3.2 

3.0 

1.9 

3.5 

210 

6.0 

3.8 

3.1 

4.2 

2.1 

1.5 

220 

5.4 

4.8 

3.5 

3.8 

2.6 

1.7 

230 

5.6 

3.7 

3.3 

3.9 

2.0 

1.6 

240 

5.2 

.9 

3.0 

3.6 

•5 

M 

250 

4.3 

2.2 

1.3 

3.0 

1.3 

.6 

260 

4.2 

2.1 

1.2 

3,0 

1.1 

.6 

270 

2.3 

1.4 

1.2 

1.6 

.8 

.6 

280 

2.4 

1.0 

.7 

1.6 

.6 

.4 

290 

1.0 

.8 

•  4 

.7 

.7 

.2 

300 

1.1 

.5 

•4 

•8 

•  4 

.2 

Gas  analysis. 

26 

28 

25 

C02 

1.6 

.5 

.5 

H2 

C2H2 

1.0 

.0 

.0 

CO 

Unsat. 

38.2 

12.3 

10.5 

t 

C2H6 

C2H4 

.4 

.7 

.9 

C  H4 

Aroma  t. 

1.0 

4.5 

5.3 

26        28  25 
Specific  Gravity 
of  each  cut 


.770 

.794 

.795 

.802 

.840 

.844 

.804 

.829 

.827 

.807 

.828 

.827 

.808 

.823 

.824 

.812 

.824 

.832 

.817 

.830 

.837 

.822 

.836 

.842 

.830 

.844 

.851 

.837 

.852 

.861 

.843 

.861 

.871 

.848 

.870 

.884 

.854 

.874 

.896: 

.863 

.882 

.907 

.867 

.892 

.915 

.878 

.908 

.935 

.890 

.916 

.896 

.936 

26 

28 

25 

.0.8 

14.0 

13.7 

.1 

.1 

.1 

.0        .0  .0 

47.0  68.0  69.3 
100.1  100.1  ToT5Tor 
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From  Table  5» 

The  Effect  of  Pressure  on  Hydrocarbon  Vapors 

  :  J    :    at  550°  C.    -     -J  1  :   

The  per  cent  of  the  three  types  of  hydrocarbons 
in  any  given  cut* 


45 

Table  6.      The  Effect  of  Pressure  on  Hydrocarbon  Vapors 

at  600°  C. 

At  600°  C.  the  total  unsaturated  hydrocarbon  content  of  the 
recovered  oil  increased  with  pressure  as  did  the  aromatic  content, 
the  specific  gravity  and  the  volume  of  gas.    The  paraffin  hydrocar- 
bons and  the  recovery  decreased  as  the  pressure  increased. 

The  unsaturated  hydrocarbons  were  higher  in  the  first  cuts 
in  the  run  at  atmospheric  pressure.    In  the  higher  fractions  the  con- 
ditions were  reversed  and  the  run  with  pressure  had  the  greater 
amount  of  this  type  of  compounds,.    The  aromatic  content  of  all  frac- 
tions was  favored  by  pressure  while  the  paraffins  decreased  with 
pressure  in  all  fractions.    The  residue  above  300°  C,  was  greater 
with  pressure  which  indicated  condensation  of  some  of  the  molecules:. 

The  unsaturated  hydrocarbons  in  the  gas  disappeared  almost 
entirely  in  the  pressure  run.    The  hydrogen  content  was  doubled  while 
the  methane  was  increased  20%  by  40  pounds  pressure. 

Pressure  increases  the  aromatic  content,  the  unsaturated 
content,  and  the  specific  gravity  of  the  recovered  oil.    The  aliphat- 
ic hydrocarbons  decrease  as  the  pressure  is  increased.    Gas  is  great- 
ly increased  by  pressure  and  at  600°  C.  or  above,  hydrogen  increases 
very  much,  at  lower  temperatures  this  is  not  so  marked. 


i 
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Table  6 

The  Effect  of  Pressure  on  Hydrocarbon 
Vapors  at  600°  C. 


Run  Pres- 

Pres- 

Tem- 

Rate 

Re- 

Spe- 

Cu.Ft, 

Recovered 

No.  sure 

sure 

pera- 

cc 

cov- 

cific 

Gas 

% 

%  % 

on 

on 

ture 

per 

ery 

Grav- 

per 

TTn— 

un— 

ITS  i  V*  — 

min- 

ix»y 

"M  +  an 

sat- 

omat-  phat- 

dens- 

nace 

ute 

Orig. 

ura 

ics  ics 

ers 

Oil 

ted 

29  0 

0 

600 

43 

55,2 

.869 

10.4 

11 

38  51 

30  0 

40 

600 

75 

37, 

.910 

14. 

15 

59  26 

29        30      29  30 
Cuts    %  of  Re-    %  of  Orig 
°C.    covered         inal  in 


Analysis  of  Recovered  Oil 
29        30    29  30 


29        30        29  30 
%  Unsat-    %  Unsaturat-  %  Unsaturat-  %  Aro- 
urated     ed  on  basis    ed  on  basis  matlcs 


95 

in  each 

cut 
5.0  8.0 

each 
2.8 

cut 
3.0 

in  each  Recovered 

cut  oil 
29.0    30.0    1.5  2.4 

Original 
oil 
.8  .9 

in  each 

cut 
68.0  68.0 

125 

4.0 

8.5 

2.2 

3.1 

27.0 

17.0 

1.1 

1.5 

.6 

.5 

63.0 

78.0 

150 

4.0 

6.0 

2.2 

2.2 

24.0 

23.0 

1.1 

1.4 

.5 

.5 

43.0 

60.5 

160 

3.0 

1.8 

1.7 

.7 

17.0 

7.0 

.5 

.1 

.3 

.04 

37.0 

66.0 

170 

3.6 

3.6 

2.0 

1.3 

12.0 

9.0 

.4 

.? 

.2 

.1 

36.0 

55,0 

180 

4.4 

5.4 

2.4 

2.0 

12.0 

12.0 

.5 

.7 

.3 

.2 

34.0 

48.0 

190 

5.0 

5.4 

2.8 

2.0 

10.0 

13.0 

.5 

.7 

.3 

.3 

35.0 

45.0 

200 

7.2 

4.5 

4-0 

1-7 

9.0 

13.0 

.7 

.6 

.4 

.2 

33.0 

46.0 

210 

8.1 

6.6 

4.5 

2.4 

9.0 

11.0 

.7 

.7 

.4 

.3 

30.5 

46.0 

220 

9.4 

7.5 

5.2 

2.8 

8.0 

9.0 

.8 

.7 

.4 

.3 

32.0 

47.0 

230 

7.1 

4.5 

3.9 

1.7 

7.0 

11.0 

.5 

.6 

.3 

.2 

35.0 

42.0 

240 

8.6 

5.4 

4.8 

2.0 

7.0 

11.0 

.6 

.6 

.3 

.2 

32.0 

58.0 

250 

8.5 

4.8 

4.7 

1.8 

9.0 

11.0 

.8 

.5 

.4 

.2 

31.0 

51.0 

260 

5.0 

2.8 

2.8 

1.0 

9.0 

11.0 

.5 

.3 

.3 

.1 

33.0 

55.0 

270 

4.0 

2.8 

2.2 

1.0 

9.0 

11.0 

.4 

.3 

.2 

•  3 

36.0 

60.0 

280 

1.4 

1.4 

.8 

.5' 

9.0 

8.0 

.1 

.1 

.07 

.04 

38.0 

60.0 

290 

1.5 

.9 

.8 

.3 

9.0 

12.0 

.1 

.1 

.07 

.04 

41.0 

62.0 

300 

1.6 

1.1 

.9 

.4 

9.0 

14.0 

.1 

.2 

.08 

.06 

49.5 

64.0 

Up 

11.0 

15.0 

6.1 

5.5 

47 


Table  6  (Continued) 


29 

30 

29 

30 

29 

30 

29 

30 

29 

30 

29 

30 

Cuts 

%  Aromat- 

%  Aromat- 

% Aliphat- 

%  Aliphat- 

%  Aliphat- 

Specific 

On 

c  • 

ics 

on 

ic  s 

on 

ics 

ics 

on 

ics 

on 

Gravity 

basis 

of 

basis 

of 

in  each 

basis  of 

basis  of 

of 

each 

Recovered 

Original 

cut 

Recovered 

Original 

cut 

95 

3.4 

5.4 

1.9 

2.0 

2.0 

2.0 

•  1 

.2 

.05 

.06 

.821 

.845 

125 

2.5 

6.6 

1.4 

2.5 

10.0 

5.0 

•4 

.4 

.2 

•  2 

.832 

•  843 

150 

1.7 

3.6 

.9 

1.3 

33.0 

16.5 

1.3 

1.0 

.7 

.4 

.831 

.843 

160 

1.1 

1.2 

•6 

•4 

46.0 

27.0 

1.4 

.5 

.8 

•2 

.824 

.850 

170 

1.3 

2.0 

.7 

.7 

52.0 

36.0 

1.9 

1.3 

1.0 

•  5 

.821 

.837 

180 

1.5 

2.6 

.8 

1.1 

54.0 

40.0 

2.4 

2.2 

1.3 

.8 

.822 

.840 

190 

1.8 

2.4 

1.0 

•9 

55.0 

42.0 

2.8 

2.3 

1.5 

.8 

.825 

.826 

200 

2.4 

2.1 

1.3 

.8 

58.0 

41.0 

4.2 

1.9 

2.3 

.7 

.834 

.854 

210 

2.5 

3.0 

1.4 

1.1 

60.5 

43.0 

4.9 

2.8 

2.7 

1.1 

.843 

.865 

220 

3.0 

3.5 

1.7 

1.3 

60.0 

44.0 

5.7 

3.3 

3.1 

1.2 

.850 

.877 

230 

2.5 

1.2 

1.4 

.7 

57.5 

47.0 

4.1 

2.1 

2.3 

.8 

.857 

.889 

240 

2.8 

3.1 

1.5 

1.1 

59.0 

31.0 

5.1 

1.7 

2,8 

.6 

.868 

.899 

250 

2.6 

2.4 

1.5 

•  9 

60.0 

38.0 

5.1 

1.8 

2.8 

.7 

.868 

.908 

260 

1.7 

1.5 

.9 

.6 

58.0 

34.0 

2.9 

1.0 

1.6 

.4 

.877 

.921 

270 

1.4 

1.7 

.8 

.6 

55.0 

29.0 

2.2 

.8 

1.2 

.3 

.884 

.928 

280 

.5 

.8 

.3 

53.0 

32.0 

.7 

.5 

.4 

.2 

.896 

.941 

290 

.6 

.6 

.3 

.2 

50.0 

26.0 

.8 

.2 

.4 

.08 

.906 

300 

.8 

.7 

.4 

.3 

41.5 

22.0 

.7 

.2 

.4 

.09 

.927 

Gas  Analysis. 

29 

30 

29 

30 

C02 

1.5 

.2 

H 

18.3 

34.8 

C2H2 

.0 

.3 

CO 

.2 

.5 

UnsatSO.2 

1.7 

i 

C2H6 

.0 

.0 

C2H4 

.4 

.5 

02H4 

49.1 

59.0 

Aroma  t,.  4  2.0 


100.1  99.0 


*     y  ■  •* 


From  Table  6. 

The  Effect  of  Pressure  on  Hydrocarbon  Vapors 

at  600°  C. 

The  per  aent  of  the  three  types  of  hydrocarbons 

in  any  given  cut. 


30  A 
29  a 


30  U, 
2<fV 


29 


90 


120         150  180  210 

Temperature. 


240 


270 
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Table  7,      The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
510°  C.  and  Atmospheric  Pressure. 

Perhaps  the  difference  between  these  two  runs  was  not  en- 
tirely due  to  steam.    The  rate  of  flow  of  the  oil  into  the  retort 
was  greater  in  the  run  without  steam  and  undoubtedly  this  had  con- 
siderable  effect  on  the  recovered  oil.    However  from  tables  9  and  10 
the  conditions  were  reversed  and  from  the  runs  with  steam,  which  had 
a  higher  rate  of  flow,  greater  decomposition  was  obtained.  Steam 
increased  the  unsaturated'  hydrocarbons  and  the  aromatic  hydrocarbons 
and  decreased  the  aliphatic  hydrocarbons  in  the  recovered  oil*  The 
volume  of  gas  was  trippled  with  steam. 

The  aromatic  content  of  the  cuts  was  nearly  doubled  by  the 
uae  of  steam  and  was  a  maximum  in  the  first  cuts.    These  hydrocarbons 
decreased  to  a  minimum  at  230°  C,  and  then  increased.    The  specific 
gravity  of  all  cuts  was  higher  when  steam  was  admitted  to  the  retort. 

The  COg  content  of  the  gas  was  never  high.    If  at  any  time 
this  constituent  was  formed  in  large  amounts  it  was  absorbed  by  the 
water  as  the  gas  was  collected  over  water.    The  hydrogen  content  of 
the  gas  was  greatly  increased  by  steam  but  this  increase  however  was 
not  due  entirely  to  the  reaction  of  the  steam  with  the  free  carbon. 
In  the  formation  of  aroma  tics  large  amounts  of  hydrogen  are  liberated 
as  the  aliphatic s  are  richer  in  hydrogen  than  are  the  aromatic  hydro- 
carbons • 
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Table  7 

The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
510°  C.  and  Atmospheric  Pressure 

Run  Pres-  Pres-  Tern-  Rate  Re«  Spe-  Cu.Ft.  Recovered 
No.  sure    sure    pera-    cc    cov-  cific    Gas      %  % 


on  on 
Con-  Fur- 
dens-  nace 
ers 


ture    per    ery    Gray-    per    Un-  Ar-  Ali- 

min-            ity    liter  sat-  omat-  phat« 

ute                      Orig.  ura-  ics  ics 

Oil  ted 


14 

33 


0 
0 


0 
0 


510        88      77    .822      2.1  8 
510        50      63    .844      6.7  10 
Analysis  of  Recovered  Oil 


19 
34 


73 
56 


Steam 
per 
liter 
Orig- 
inal 
Oil 

0 

355 


14        33      14        33      14        33     14  33 
Cuts    %  of  Re-    %  of  Orig-    %  Unsat-    ;  Unsatu- 


°C 


covered 


inal  in 


ura ted     rated  on 


14        33        14  33 
^Unsaturat-   %  Aro- 
ed  on  basis  matics 


95 

in  each 

cut 
2.9  2.1 

^  O  /•»  V"i 

©  o 

CUT* 

l.o 

in  each     basis  of 

cut  Recovered 
100        41.0    2.9  .9 

Original 
2.2  ,5 

in  each 
cut 

53.0 

IOC 

2.4 

4.4 

T  Q 

l.o 

O  ft 

c  «  c 

31.2 

27.0 

.7 

1.2 

•  6 

•8 

23.6 

55.0 

lou 

3.1 

4.9 

"K  1 
O.  1 

20.0 

21.0 

•  6 

1.0 

.5 

.7 

25.6 

41.0 

2.4 

3.2 

1  ft 
J.  »© 

&  •  J 

12.4 

12.0 

.3 

.4 

•2 

•3 

22.8 

35.0 

1 1 U 

3.1 

2.5 

6.8 

9.0 

.2 

.2 

.2 

.1 

21.6 

34.0 

loU 

O.J 

r  % 

OmO 

O  *  O 

ft  D 

Q  f\ 

A. 

.0 

•o 

"X 

fO 

i9U 

7.3 

8.8 

o  *  o 

o  .  o 

5.6 

7.0 

.4 

.6 

.3 

•4 

19.6 

32.0 

200 

6.8 

7.4 

5.2 

4.7 

3.6 

7.0 

.2 

.5 

.2 

.3 

20.0 

32.0 

210 

9.2 

10.4 

7.0 

6.6 

3.6 

6.0 

.3 

.6 

.3 

.4 

18.4 

31.0 

220 

8.5 

11.1 

6.5 

7.0 

4.0 

5.0 

.3 

.6 

.3 

.4 

18.0 

30.0 

230 

11.6 

10.5 

8.9 

6.6 

3.6 

6.0 

.4 

.6 

.3 

.4 

18.0 

27.0 

240 

9.4 

8.3 

7.2 

5.2 

3.6 

7.0 

.3 

.6 

.3 

.4 

18.0 

27.0 

250 

8.9 

5.1 

6.8 

3.2 

3.6 

6.0 

.3 

.3 

.3 

.2 

18.0 

31.0 

260 

5.3 

3.2 

4.1 

2.0 

3.6 

6.0 

.2 

.2 

.2 

.1 

18.4 

34.0 

270 

3.4 

3.3 

2.6 

2.0 

4.0 

8.0 

.1 

.3 

.1 

.2 

19.2 

39.0 

280 

3.5 

2.0 

2.7 

1.3 

4.0 

8.0 

.3 

.2 

.1 

.1 

20.0 

38.0 

290 

2.6 

1.1 

2.0 

.7 

4.4 

10.0 

.1 

.1 

.1 

.07 

19.6 

38.0 

300 

2.9 

.7 

2.2 

.4 

9.6 

4.0 

.3 

.03 

.2 

.02 

16.0 

46.0 

Up 

1.9 

4.2 

1.5 

3.7 
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Table  7  (Continued) 


14 

33 

14 

33 

14 

33 

14 

33 

14 

33 

14 

33 

Cuts 

4romat- 

$  Aromat- 

#  Aliphat- 

%  Aliphat- 

%  Aliphat- 

Specific 

°c. 

ics 

on 

iee 

on 

ics 

Ics 

on 

ic? 

on 

Gravity 

basia  Re- 

basis 

orig- 

■  in  each 

basis 

Re- 

basis 

Orig- 

of 

each 

covered 

inal 

cut 

covered 

inal 

cut 

95 

1-1 

6-0 

.1 

.08 

.746 

.770 

125 

2-4 

.4 

•  * 

1.6 

55.2 

18.0 

1.3 

.8 

1.0 

.5 

• 

.781 

.810 

150 

.8 

2.0 

.6 

1.3 

54.4 

38.0 

1.7 

*  •  • 

1.9 

1.3 

1.2 

.786 

.810 

160 

•  5 

1.1 

.4 

•  * 

.7 

•  • 

64.8 

53.0 

1.5 

1.7 

1.2 

1.3 

.788 

.802 

170 

.7 

.9 

.5 

.5 

71.6 

57.0 

2.2 

1.4 

1.7 

.9 

.792 

.805 

180 

1-0 

1.7 

.8 

1.1 

74.4 

59.0 

3.8 

W.N. 

3.1 

2.9 

2.0 

,798 

9809 

190 

1  „4. 

2.8 

1.1 

1.8 

74.4 

61.0 

5.4 

V  ft  7 

5.4 

4,2 

3.4 

.803 

.817 

#  w   JU  I 

200 

1-4 

2-4 

1-0 

1-5 

76-4 

61.0 

5-2 

4-5 

4-0 

2-9 

-809 

-825 

210 

1-7 

3-2 

1-3 

2-0 

78-0 

63-0 

7-^ 

6-6 

5-5 

V*  ft  w 

—  . 

-816 

-834 

220 

1-5 

3-3 

1.2 

2.1 

78.0 

65-0 

6-6 

7-2 

5-1 

4-6 

-821 

-840 

230 

2-3 

2.8 

1.6 

1.7 

78.4 

67-0 

9-1 

7-0 

7-0 

4-4 

7  .  T 

-826 

-846 

240 

1.7 

2.2 

1.3 

1.4 

78.4 

66.0 

7.4 

5.5 

5.6 

3.4 

.832 

.854 

250 

1.6 

1.6 

1.2 

1.0 

78.4 

63.0 

7.0 

3.2 

5.4 

2.0 

.838 

•  861 

260 

1.0 

1.1 

.8 

.7 

78.0 

60.0 

4.1 

1.9 

3.3 

1.2 

.844 

.871 

270 

.7 

1.2 

•5 

.8 

76.8 

53.0 

2.6 

1.7 

2.0 

1.0 

.848 

.887 

280 

.7 

.7 

.6 

.5 

76.0 

54.0 

2.7 

1.1 

2.1 

.7 

.856 

.897 

290 

.5 

•  4 

.4 

.3 

76.0 

52.0 

2.0 

.6 

1.5 

.4 

.859 

.908 

300 

•  5 

.3 

•4 

.2 

74.4 

50.0 

2.1 

•  4 

1.6 

.2 

.868 

Gas  analysis. 

14 

33 

J.7 

C02 

.0 

.6 

«2 

9.5 

15.0 

C2H2 

.3 

.3 

CO 

.0 

.2 

Unsat50.5 

37.2 

Cj>H6 

9.5 

3.7 

C2H4 

.7 

3.6 

C  H4 

27.7 

30.6 

100.8 

100.6 

Aroma t 2. 6  9.4 
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Prom  Table  7« 


The  Effect  of  Steam  on  Hydrocarbon  Vapors 
at  510°  C.  and  Atmospheric  pressure. 

The  per  cent  of  the  three  types  of 
hydrocarbons  in  any  given  cui, 


■  14 


30 


14 


i4H4f  rm  1 1 1 1 1  i  lltttTi  1/1 1  Itttil  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ITITTI 
60  90  120  150 


i 


i — 1 —  WvM 

ft  til'mtrffl  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Hi&i 


180  210 
Temperature, 


240 


270  300 
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Table  8.      The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
550°  C,  and  Atmospheric  Pressure, 

From  these  runs  it  was  found  that  the  unsaturated  and  aro- 
matic hydrocarbons  were  increased  by  the  use  of  steam.  The  specific 
gravity  was  greatly  increased.  The  aliphatic  hydrocarbons  decreased 
and  the  recovery  was  very  much  less  in  the  run  with  steam. 

Prom  the  analysis  of  the  recovered  oil,  the  first  cuts,  in 
the  run  without  steam,  contained  more  unsaturated  hydrocarbons  than 
the  one  with  steam.    This  condition  was  soon  reversed  in  the  higher 
cuts.    The  aromatics  in  all  cuts  were  much  higher  with  steam.  The 
oil  which  boiled  above  300°  C,  was  three  times  the  volume  of  the 
same  cut  of  the  run  without  steam  and  was  eight  times  that  of  the 
original  kerosene.    Again  the  specific  gravity  of  all  cuts  was  much 
higher  with  steam. 

Steam  seems  not  to  effect  the  unsaturated  hydrocarbons  of 
low  molecular  weight  as  they  were  changed  but  slightly  in  the  gas. 
The  aromatic  content  was  increased  as  was  also  the  hydrogen.  Ethane 
was  present  in  the  gas  in  this  run  with  steam.     In  all  runs  without 
steam  ethane  was  never  present  in  runs  made  at  550°  C,  or  higher. 
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Table  8 

The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
550°  C.  and  Atmospheric  Pressure 

Run  Pres-  Pres-  Tern-    Rate  Re-    Spe-    Cu.Ft.      Recovered  Steam- 
No.  sure    sure    pera-    cc    cov-  cific    Gas      %         %         %  per 

on       on      ture    per    ery    Grav-    per    Un-      Aro-    All-  liter 

Con-    Fur-  min-  ity    liter  sat-  omat-  phat-  Orlg~ 

dens-  nace  ute  Orig.  ura-    ics      ics  inal 

ers  Oil    ted  Oil 

26      0  0      550        54      70     .841      7.5     11        33        56  0 

35      0  0      550        4  5      38     .  903    12.8    15        56        2  9  260  G. 

Analysis  of  Recovered  Oil 

26        35      26        35      26        35    26        35  26        35        26  35 

Cuts    %  of  Re-    %  of  Orig-    %  Unsat-    Jt-Unsaturat-    %  Unsaturate  %  Aro- 
°C.    covered         inal  in       urated      ed  on  basis    ed  on  basis  matics 


Oft 

in  each 

cut 
3.8  7.0 

each 

Www  X k 

cut 

9  *7 
C  .  f 

in  each 

cut 
43.0  33.0 

Recovered 
oil 
1.6  2.3 

Original 

oil 
1.4  .9 

in  each 

cut 
52.5  66.0 

1  Oft 

5.2 

9.4 

*^  ft 

ft 

31.0 

19.0 

1.6 

1.9 

1.1 

.7 

56.0 

78.0 

xou 

4.6 

6.6 

O  .  c 

P  s 

C  .  O 

24.0 

19.0 

1.1 

1.3 

.8 

.5 

46.0 

63.0 

1  ftfi 

3.2 

2.8 

P  9 

1  1 
X.  A 

15.0 

15.0 

.5 

.4 

.3 

.2 

40.0 

56.0 

X  f\J 

3.1 

2.6 

p  o 

X  .  V 

12.0 

12.0 

.4 

.3 

.3 

.1 

33.0 

57.0 

IDv 

R  ft 

P. 8 

3-9 

1-1 
x  •  x 

9-0 

12-0 

-3 
.  'j 

1QO 

5.7 

4.1 

4.0 

1.6 

8.0 

11.0 

.5 

.5 

.3 

.2 

31.5 

48.0 

200 

6.9 

6.1 

4.8 

2.3 

9.0 

12.0 

.6 

.7 

.4 

.3 

30.0 

46.0 

210 

9.5 

7.1 

6.7 

2.7 

8.0 

11.0 

.7 

.8 

.5 

.3 

29.5 

44.0 

220 

8.0 

6.5 

5.6 

2.5 

5.0 

10.0 

•  4 

.7 

.3 

.3 

28.0 

45.0 

230 

8.5 

9.1 

6.0 

3.5 

7.0 

11.0 

.6 

1.0 

.4 

.4 

27.0 

46.0 

240 

7.5 

7.5 

5.3 

2.9 

6.0 

10.0 

.5 

.8 

.3 

.3 

25.0 

48.0 

250 

6.3 

3.6 

4.4 

1.4 

6.0 

12.0 

.4 

.4 

.3 

.2 

26.0 

56.0 

260 

6.5 

5,0 

4.6 

1.9 

7.0 

11.0 

.5 

.6 

.3 

.2 

28.0 

54.0 

270 

3.6 

1.4 

2.5 

.5 

8.0 

12.0 

.3 

.2 

.2 

.07 

27.0 

60.0 

280 

4.0 

1,6 

2.8 

.6 

8.0 

11.0 

.3 

.2 

.2 

.07 

33.0 

61.0 

290 

1.7 

1.5 

1.2 

.6 

9.0 

12.0 

.2 

.2 

.1 

.07 

34.0 

63.0 

300 

1.9 

1.6 

1.3 

.6 

9.0 

13.0 

.2 

.2 

.1 

.08 

32.0 

62.0 

Up 

4.0 

12.5 

2.8 

5.8 
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Table  8  (Continued) 


26 

35 

26 

35 

26 

35 

26 

35 

26 

35 

26 

35 

Cuts 

%  Aromat- 

%  Aromat- 

%  Aliphat- 

%  Aliphat- 

% Aliphat- 

Specific 

°c. 

ics 

on 

ics 

on 

lcs 

ic  s  on 

ics 

on 

Gravity 

basis  Re- 

basis Orig- 

. in 

each 

basis 

Re- 

basis 

of 

each 

covered 

inal 

cut 

covered 

Original 

cut 

95 

2.0 

4.6 

1.4 

1.8 

4.5 

1.0 

.2 

.7 

a 

.3 

.770 

.826 

126 

2.9 

7.3 

2.0 

2.8 

13.0 

3.0 

.7 

.3 

.5 

.1 

.802 

.846 

150 

2.1 

4.2 

1.5 

1.6 

30.0 

18.0 

1.4 

1.2 

1.0 

•  5 

.804 

•  844 

160 

1.3 

1.6 

.9 

.6 

45.0 

29.0 

1.4 

•8 

1.0 

.3 

.807 

.842 

170 

1.0 

1.5 

.7 

.6 

55.0 

31.0 

1.7 

.8 

1.2 

.3 

,808 

.840 

180 

2.0 

1.2 

1.4 

•  5 

56.0 

43.0 

3.1 

1.2 

2.2 

.5 

.812 

.845 

190 

1.8 

2.0 

1.3 

.8 

61.5 

41.0 

3,5 

1.7 

2.5 

.6 

,817 

.847 

200 

1.0 

2.8 

1.5 

1.1 

61.0 

42.0 

4.2 

2.6 

3.0 

1.0 

.822 

.853 

210 

2.8 

3.1 

2.0 

1.2 

63.0 

45.0 

6.0 

3.2 

4.2 

1,2 

.830 

.870 

220 

2,2 

2.9 

1.6 

1.3 

67.0 

45.0 

5.4 

2,9 

3.8 

1.1 

.837 

.883 

230 

2.3 

4.2 

1.6 

1.6 

66.0 

43.0 

5.63 

3.9 

3.9 

1.5 

.843 

.893 

240 

1.9 

3.6 

1.3 

1.4 

69.0 

42.0 

5,2 

3.2 

3.6 

1.2 

.848 

.905) 

250 

1.6 

2.0 

1.1 

.8 

68.0 

32.0 

4.3 

1.2 

3.0 

.4 

.854 

.916 

260 

1.8 

2.7 

1.3 

1.0 

65.0 

35.0 

4.2 

1.8 

3.0 

.7 

.863 

.925 

270 

1.0 

.8 

.6 

.3 

65.0 

28.0 

2.3 

•4 

1.6 

.2 

.867 

.000 

280 

1.3 

1.0 

.9 

.4 

59.0 

28.0 

2.4 

.5 

1.6 

.2 

.878 

.944 

290 

.6 

.9 

•  4 

.4 

57.0 

25.0 

1.0 

.4 

.7 

a 

.890 

.000 

300 

.6 

1.0 

.4 

•  4 

59.0 

25.0 

1.1 

•4 

.8 

.2 

.896 

.976 

Gas  analysis. 

26 

35 

26 

co2 

1.6 

.9 

*2 

10.8 

13.8 

C2H2 

1.0 

.4 

CO 

a 

.4 

Unsat38.2 

36.6 

C2H6 

.0 

6.7 

C2H4 

.4 

2.2 

C 

H4 

47.0 

30.4 

166  a 

Aromat.1.0  8.0 


From  Table  8. 

The  Effect  of  Steam  on  Hydrocarbon  Vapors  at  55°°  c« 
§84  and  Atmospheric  pressure. 

The  per  cent  of  the  three  types  of  hydrocarbons  in 

any  given  cut. 


Temperature. 
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Table  9.      The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
600°  C»  and  Atmospheric  Pressure. 

The  unsaturated  and  aromatic  hydrocarbons,  the  specific 
gravity  and  the  volume  of  the  gas  were  all  increased  by  steam.  The 
aliphatic  hydrocarbons  and  the  recovery  were  very  much  decreased. 
The  results  obtained  from  these  runs  confirmed  those  of  Tables  7  and 
8.    Naphthalene  was  obtained  in  large  quantities  in  run  37,    The  gas 
from  this  run  contained  ethane. 

Naphthalene  formed  readily  from  runs  which  were  made  at 
600°  C.    It  was  obtained  from  runs  with  pressure  and  runs  at  atmos- 
pheric pressure.    Runs  with  steam  produced  naphthalene  as  did  those 
made  with  steel  wool  and  carbon  in  the  retort.    Whenever  there  was 
much  decomposition  of  the  oil  naphthalene  was  always  present.  Naph- 
thalene was  obtained  from  runs  made  at  as  low  temperature  as  530°  C, 
with  75  pounds  pressure,  and  was  detected  by  cooling  the  210-220 
degree  cut.    It  was  obtained  from  nearly  all  of  the  runs  made  above 
this  temperature. 
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Table  9 

The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
600°  C.  and  Atmospheric  Pressure 

Run  Pres-  Pres-  Tern-    Rate  Re-    Spe-    Cu.Ft,      Recovered  Steam 

No.  sure    sure    pera-    cc    cov-  cific    Gas      %         %         %  per 

on       on      ture    per    ery    Grav-    per    Un-      Aro-    Ali»  liter 

Con-    Fur-  min-  ity    liter  sat-  omat-  phat-  Orig- 

den-    nace  ute  Orig.  ura-    ics      ics  inal 

ers  Oil    ted  Oil 


29 

0 

0  600 

48      55  .869 

10.4  11 

38 

51 

0 

37 

0 

0  600 

60      25  .923 

20.0  13 

63 

24 

840  G. 

Analysis  of  Recovered  Oil 

29 

37 

29 

37 

29        37  29 

37 

29 

37 

29 

37 

Cuts 

%  of  Re- 

% of 

Orig- 

%  Unsat-  ^Unsaturat- 

%  Unsaturat-  %  Aro- 

or 

covered 

inal  in 

urated  ed 

on  basis 

ed  on 

basis 

matics 

in  each 

each 

cut 

in  each  Recovered 

Original 

in  each 

cut 

cut 

oil 

oil 

cut 

95 

5.0 

5.9 

2,8 

1.5 

29.0  35.0 

1.5  2,1 

.8 

.5 

68.0 

63.0 

125 

■X  **j  *J 

4.0 

11.9 

2.2 

3.0 

27.0  14.0 

1.1  1.7 

.6 

.4 

63.0 

82.0 

150 

4.0 

6.1 

2.2 

1.5 

24.0  18.0 

1.0  1.1 

.5 

.3 

43.0 

68.0 

160 

3.0 

3.4 

1.7 

.9 

17.0  15.0 

•  5  .5 

.3 

.1 

37.0 

59.0 

170 

3.6 

2.0 

2.0 

•  4 

12.0  14.0 

A  99 

.4  .3 

.2 

.07 

36.0 

52.0 

180 

4.4 

4.7 

2.4 

1.2 

12.0  13.0 

.5  .6 

.3 

.2 

34.0 

54.0 

190 

5.0 

2.9 

2.8 

.7 

10.0  11.0 

•  5  .3 

.3 

.08 

35.0 

48.0 

200 

7.2 

3.6 

4.0 

.9 

9.0  12.0 

.7  .4 

.4 

.1 

33.0 

48.0 

210 

8.1 

5.6 

4.5 

1.4 

9.0 

.7 

.4 

30.5 

220 

9.4 

10.0 

5.2 

2.5 

8,0 

.8 

.4 

32.0 

230 

7.1 

5.6 

3.9 

1.4 

7.0 

.5 

.3 

35.5 

240 

8.6 

6.3 

4.8 

1.6 

7.0  14.0 

.6  .9 

.3 

.2 

32.0 

59.0 

250 

8.5 

4.1 

4.7 

1.3 

9.0  9.0 

.8  .4 

.4 

a 

31.0 

61.0 

260 

5.0 

3.3 

2.8 

.8 

9.0  8.0 

.5  .3 

.3 

.06 

33.0 

61.0 

270 

4.0 

2.1 

2.2 

•  4 

9.0  8.0 

.4  .2 

.2 

.04 

36.0 

58.0 

280 

1.4 

2.0 

.8 

•  4 

9.0  8.0 

.1  .2 

.07 

.04 

38,0 

62.0 

290 

1.5 

1.0 

.8 

.3 

9.0  10.0 

.1  .1 

.07 

.02 

41.0 

74.0 

300 

1.6 

1.1 

.9 

.3 

9.0  14.0 

.1  .2 

.08 

.04 

49.0 

66.0 

Up  11,0 

14.3 

6.1 

3.6 
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29 

37 

Cuts 

%  Aromat 

Of 

u  . 

ics 

on 

basis  Re- 

covered 

95 

T  A 

3.4 

3.7 

125 

y  .o 

150 

1.7 

A  O 

4.2 

160 

l.X 

o  a 

170 

1  A 
l.U 

180 

l.O 

O  c; 

190 

1  A 

200 

O  A 

c  .4 

1.  * 

210 

O  C» 
c  .  O 

220 

i  a 
o  .u 

230 

c  .O 

240 

O  A 
<o  .O 

%  7 
O.  f 

250 

O  ft 
<E  .0 

O 

260 

1.7 

2.0 

270 

1.4 

1.2 

280 

.5 

1.2 

290 

.6 

.7 

300 

•s 

.7 

Gas  analysis. 

29 

37 

co2 

1.5 

.5 

C2H2 

.0 

.0 

Unsat30.2 

22.9 

C2H4 

•4 

2.3 

Aroroat  ,4  1.9 


Table  9  (Continued) 


29        37      29        37  29  37 

%  Aromat-    %  Aliphat-  %  Aliphat- 

ics   on  ics  ics  on 

basis  Orig-  in  each 


inal 


cut 


basis  Re* 
covered 


29  37  29  37 
%  Aliphat-  Specific 

ics   on  Gravity 
basis  Orig-  of  each 


inal 


cut 


1  Q 

i.y 

.y 

■  O  A 

O  A 

.  1 

.  x 

.UO 

A1 
.UO 

AO  1 
«OC  X 

AftA 
.OOU 

1  A 

1.4 

c  .4 

10.0 

4.0 

A 

•  4 

e 
•  o 

O 

T  O 
•  1<> 

070 

,  O0<£ 

.OOO 

•  9 

1,0 

OO  .0 

1  A  A 

14.0 

1  »0 

Q 

« 

«  r 

OT 

.001 

AAQ 

•  c4y 

•  c 

e 
•  D 

Aft  A 

Oft  A 
/CO  »U 

T  A 

Q 

.y 

Q 

.o 

OO 

AO  A 

OCT 

.OOX 

rj 

•  o 

*>0  A 
OC  .U 

1A  A 
04  .U 

1  Q 

j.  *y 

ry 
.  1 

1.1 

1  7 
•  if 

AO! 

AAft 

Q 

•  o 

•  o 

e>A  A 
04  «U 

OO  .U 

O  A 

1  ft 
l.O 

1.0 

.0*7 

AOO 

OCT 

.COl 

1  A 
l.U 

A 

.4 

OO  .  U 

AT  A 
4X.U 

O  A 

°i  o 
X  .  c 

X  .  O 

*^A 
.OU 

OCQ 

»ooo 

l.O 

A 
.4 

C\A  A 
OO.U 

AA  A 

iu  .  U 

A  O 
4.^ 

1  A 
1.4 

O  *^ 

*^ft 
.OO 

A*^A 

AftA 
.OOO 

T  A 
1.4 

ftA  *^ 
OU  .O 

AO  A 
4<C  .U 

A  Q 

4.y 

O  A 

O  7 

AA*^ 

.OOO 

JL.  ( 

ftA  A 
OU  .U 

Ov?  .U 

O.i 

O  .  *7 

O  .  1 

OA 

ARA 
.OOU 

1  A 
1.4 

*^A  A 
O    .  U 

A  1 
ft «  X 

X  .  J7 

O 

AA 

AR7 
.CO  I 

X  .O 

Q 

A 

Of  .U 

07  A 

O.J 

X.  r 

0  A 

AO 

AftA 
a  coo 

QOft 

x  .  o 

g 

ftA  O 
OU  .v.' 

*^A  A 

O  .  X 

1  O 
l .  c 

0  A 

.  O  JL 

AftA 

Q^7 

.  v"0  1 

.9 

.5 

58.0 

31.0 

2.9 

1.0 

1.6 

.25 

.877 

,939 

.8 

.3 

55,.  0 

34.0 

2.2 

.7 

1.2 

.18 

.884 

,939 

.3 

.3 

53.0 

30.0 

.7 

.6 

.4 

.15 

.896 

.949 

.3 

.2 

50.0 

18.0 

.8 

.2 

.4 

.04 

.906 

.000 

.4 

.2 

41.5 

20.0 

.7 

.2 

.4 

.05 

.927 

.000 

29  37 

H               18.3  27.1 

CO                 .2  2.6 

C2H6              .0  1.4 

C  Ha          49.1  41.3 

100.1  100.0 


»         —  f 
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Table  10«      The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
550°  C.  and  75  Pounds  Pressure. 

The  rate  of  flow  of  the  oil  into  the  retort  was  greater  in 
the  run  with  steam  and  more  decomposition  was  obtained.    The  recovery 
was  less  in  this  run  as  was  also  the  total  unsaturated  hydrocarbons. 

The  analysis  of  the  recovered  oil  indicated  practically 
the  same  as  before.    The  gas  however  was  quite  different  in  some 
respects.    The  unsaturated  hydrocarbon  content  was  not  affected  by 
steam  and  pressure  while  without  steam  it  was  but  one-third  that  of 
the  other  run.    Ethane  was  present  in  the  steam  run  as  before. 
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Table  10 

The  Effect  of  Steam  on  Hydrocarbon  Vapors  at 
550°  C.  and  75  Pounds  Pressure 


Pres- 

Pres- 

Tem- 

Rate 

Re- 

Spe- 

Cu.Pt 

•  Recovered 

Steam 

sure 

sure 

pera- 

cc 

cov- 

cific 

Gas 

% 

% 

% 

per 

on 

on 

ture 

per 

ery 

Grav- 

per 

Un- 

Aro- 

Ali- 

liter 

Con- 

Fur- 

min- 

ity 

liter 

S8t- 

omat- 

phat- 

Orig- 

dens- 

nace 

ute 

Orig. 

ura- 

ics 

ics 

inal 

ers 

Oil 

ted 

Oil 

75 

75 

550 

58 

48 

.874 

8.7 

17 

47 

36 

0 

75 

75 

540 

67 

39 

.898 

10.0 

14 

57 

29 

340  G. 

Analysis  of  Recovered  Oil 


25        36      25        36      25        36    25        36  25        36        25  36 

Cuts    %  of  Re-    %  of  Orig-    %  Unsat-    %  Unsaturat-  t  Unsaturate  %  Aro- 
°C.    covered         inal  in       urated      ed  on  basis    ed  on  basis  matics 


95 

in  each 

cut 
10.3  10.5 

each 
4.9 

cut 
4.1 

in  each  Recovered 
cut  oil 
34.0    29.0    3.5  3.1 

Original 

oil 
1.7  1.2 

in  each 

cut 
54.0  69.0 

125 

10.3 

10.8 

4.9 

4.2 

28.5 

19.0 

2.9 

2.1 

1.4 

.8 

57.5 

76.0 

150 

6.2 

5.4 

3.0 

2.1 

22.5 

21.0 

1.4 

1.1 

.7 

•  4 

50.5 

59.5 

160 

3.6 

3.2 

1.7 

1.3 

24.0 

13.0 

.9 

•  4 

.4 

.2 

42.0 

55.0 

170 

4.0 

2.6 

1.9 

1.4 

16.0 

11.0 

.6 

•  4 

.3 

.2 

43.0 

51.0 

180 

2.6 

2.8 

1.2 

1.1 

15.0 

11.0 

•  4 

.3 

.2 

.1 

39.0 

46.0 

190 

5.6 

3.9 

2.7 

1.5 

11.0 

31.0 

.6 

.4 

.3 

.2 

40.0 

42.0 

cUv 

6.3 

6.1 

10.5 

10.0 

.7 

.6 

.3 

.2 

38.5 

42.0 

210 

5.8 

4.7 

2.8 

1.8 

10.0 

10.0 

•6 

.5 

.3 

.2 

37.0 

41.0 

220 

6.8 

7.3 

3.2 

2.9 

10.0 

9.0 

.7 

.7 

•3 

39.0 

41.0 

230 

6.4 

8.2 

3.0 

3.2 

10.0 

9.0 

.6 

.7 

.3 

.3 

38.0 

45.0 

240 

6.0 

5.3 

2.9 

2.1 

11.5 

10.0 

.7 

.5 

.3 

.2 

38.5 

44.0 

250 

2.7 

4.2 

1.3 

1.6 

14.0 

10.0 

•4 

•  4 

.2 

.2 

38.0 

44.0 

260 

2.9 

2.5 

1.4 

1.0 

14.0 

11.0 

.4 

.3 

.2 

.1 

46.0 

55.0 

270 

3.0 

2.7 

1.5 

1.1 

14.0 

11.0 

.4 

•3 

•2 

.1 

47.0 

55.0 

280 

2.1 

2.3 

1.0 

.9 

14.0 

11.0 

.3 

.3 

.1 

.1 

51.0 

52.0 

290 

1.4 

.8 

1.1 

.3 

16.0 

12.0 

.2 

•  1 

.1 

.04 

53.0 

66.0 

300 

1.4 

1.0 

1.1 

•4 

16.0 

12.0 

.2 

.1 

.1 

.05 

57.0 

68.0 

Up 

8.5 

11.3 

4.1 

4.4 

*  ( 


Cuts 
°C. 


95 
125 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 


25  36 
%  Aroma t- 
ios  on 
basis  Re- 
covered 
5.7  7.3 

5.9  8.2 

3.1  3.2 
1.5  1.8 
1.7  1.8 
1.0  1.3 

2.2  1.6 
2.4  2.6 

2.2  1.9 
2.7  3.0 
2.4  3.7 

2.3  2.3 

1.0  1.1 

1.3  1.4 

1.4  1.5 

1.1  1.2 
.7  .5 
.8  .7 


Table  10  (Continued) 

25        36      25        36        25  36 

%  Aromat-    %  Aliphat-  %  Aliphat- 

Icb  on  ics  ics  on 

basis  Orig-  in  each 


inal 

2.7  2.8 

2.8  3.2 
1.5  1.3 

.7  .7 

.8  .7 

.5  .5 

1.1  .6 

1.2  1.0 
1.0  .8 

1.3  1.2 
1.2  .4 


1.1 
•5 
.6 
.7 
.5 
.4 
•4 


.9 
•4 
.5 
.6 
.5 


.2 


.3 


cut 

12,0  2,0 

14,0  5.0 

27.5  19.5 

34.0  32,0 

41.0  38.0 

46.0  43.0 

49.0  47.0 

51.0  48.0 

53.0  49.0 

51.0  50.0 

52.0  46.0 

50.0  46.0 

48.0  46.0 

40.0  34.0 

39.0  34.0 

35.0  37.0 

31.0  22.0 

27.0  20.0 


basis  Re- 
covered 
1.2  .2 


25  36 
%  Aliphat- 

ics  on 
basis  Orig- 
inal 

.6      ,1  , 


1.4 
1.7 
1.2 
1.6 
1.2 
2.7 
3.2 
3.1 
3.5 
3.3 
3.0 
1.3 
1.2 
1.2 
.7 
•  4 
.4 


.5 
1.1 
1.0 
1.4 
1.2 
1.8 
2.9 
2.4 
3.7 
3.8 
2.4 
1.1 
.9 
.9 
.9 
.2 


.2 


.7 
.8 
.6 
.8 

.6 
1.3 


1.4 
.6 
.6 
.6 
•4 


.2 


.2 
.4 
.4 
.5 
.5 
.7 


1.5  1.1 

1.5  .9 
1.7  1.4 

1.6  1.5 


.9 
•  4 
.3 
.4 
.3 

a 
•l 
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25  36 
Specific 

Gravity 
of  each 
cut 

.795  .818 

.844  ,845 

.827  .841 

.827  .839 

.824  .837 

.832  .837 

.837  .842 

.842  .852 

.851  .862 

.861  .874 

.871  .885 

.884  .893 

.896  .905 

.907  .929 

.915  .930 

.935  .932 

.000  .000 

.000  .000 


Gas  analysis. 

25  36 
C02  .5  .5 
C2H2  .0  .2 
UnsatlO.5  35.7 
C2H4  .9  1.1 
Aromat5,3  1,5 


H2 
COg 

C2H6 
C  H4 


25  36 

13.7  11.8 

.1  .3 

.0  4.0 

69.3  45.9 
Io"oT7  ToTvT 


From  Table  10. 

The  Effect  cf  Steam  on  Hydrocarbon  Vapors  at  55°  c* 

and  75  pounds  Pressure. 

The  per  cent  of  the  three  types  of  hydrocarbons  in 

any  given  cut. 
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In  runs  33,  35,  36  and  37  where  large  amounts  of  steam 
were  used,  much  more  gas  was  required  to  hold  the  temperature  at  the 
desired  point.    These  runs  in  every  case  gave  a  white  solid,  the 
melting  and  boiling  point  of  which  corresponded  to  that  of  stilbene. 
The  runs  without  steam  did  not  yield  this  substance.  Naphthalene 
was  obtained  readily  from  both  the  runs  with  and  without  steam.  The 
recovered  oil  from  the  steam  runs  was  brighter  and  clearer  than  from 
the  other  runs. 

The  Effect  of  Steam  on  Carbon  Formation  within  the  Retort. 

Very  small  amounts  of  steam  were  required  to  prevent  car- 
bon depositing  in  the  retort.    The  carbon  which  deposited  in  the 
first  trap  was  of  entirely  different  nature,  being  more  like  lamp 
black.    In  one  case  twelve  liters  of  oil  were  run  through  the  retort 
at  600°  C.  end  70  pounds  pressure  and  from  the  first  trap  there  was 
obtained  700  grams  of  finely  divided  carbon  like  lamp  black.    Only  a 
small  amount  of  steam  was  admitted  with  this  oil.     In  the  runs  with- 
out steam  the  carbon  formed  in  hard  dense  scales  on  the  walls  of  the 
retort  and  could  only  be  removed  by  scraping.    At  a  temperature  of 
600°  C.  two  or  three  gallons  of  kerosene  would  fill  the  retort  with 
hard  dense  carbon.    No  trouble  of  this  kind  was  encountered  while 
using  steam. 

Conclusions. 

Steam  hastens  the  decomposition  of  the  higher  paraffin  hy- 
drocarbons and  protects  the  lower  members  which  are  gases.     It  pre- 
vents the     deposition     of  carbon  within  the  retort  and  the  carbon 
which  does  deposit  in  the  colder  parts  of  the  system  is  of  entirely 
different  nature  being  very  finely  divided  and  can  be  easily  removed. 
The  hydrogen  and  carbon  monoxide  in  the  gas  weie  increased  by  the  use 
of  steam.    Steam  did  not  combine  with  the  hydrocarbons  to  give 
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oxygen  derivatives. 


i 
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Table  11.      The  Effect  on  Hydrocarbon  Vapors  when  Condensed 
under  Pressure. 

Great  advantages  are  claimed  in  many  patents  for  condensing 
under  pressure.    The  results  obtained  in  this  table  were  obtained 
from  runs  made  at  500    C.  and  510    C.  and  with  40  pounds  pressure  on 
the  retort  and  on  both  the  retort  and  condensers.    The  run  without 
pressure  on  the  condensers  gave  the  larger  recovery  but  this  was  due 
to  the  higher  rate  of  flow  of  the  oil  into  the  retort.    The  unsatura- 
ted, aromatic  and  aliphatic  hydrocarbons  in  the  recovered  oil  were 
about  the  same  in  both  runs. 

The  first  cuts  of  the  analyzed  oil  gave  greater  recoveries 
with  pressure  on  the  condensers  but  this  would  be  expected.  The 
analysis  in  general  did  not  show  any  marked  differences.    The  runs 
represented  in  tables  12  and  13  gave  the  same  general  results. 

Conclusions. 

With  ample  condensing  surface  there  is  no  great  advantage 
gained  by  condensing  under  pressure  aside  from  the  fact  that  there 
is  a  slightly  better  recovery  of  light  oils.    There    was  no  evidence 
of  any  condensation  of  the  molecules  taking  place. 
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Table  11 

The  Effect  on  Hydrocarbon  Vapors  when 
Condensed  under  Pressure 


Run    Pres-  Pres-  Tern-      Rate  Re- 
No*     sure  sure  pera-  cc 
on         on  ture  per 
Con-  Fur-  min- 
dens-  nace  ute 
ers 


Spe- 
cov-  cific 
ery  Grav- 
ity 


Cu.Ft.  Recovered 
Gas      %         %  % 
per    Un-      Ar-  All- 
liter  sat-  omat-  phat- 
Orig,  ura-    ics  ics 
Oil  ted 


15 
16 


0 
40 


40 
40 


510 
500 


62 
50 


83 
81 


.824 
.829 


4.2 
4.1 


10 
12 


21 

20 


69 
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15 
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95 

in  each 
cut 
3.0  4.2 

each 
2.5 
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3.3 

in  each 
cut 

100  100 

Recovered 
oil 
3.0  4,2 

Original 
oil 
2,5  3.3 

in  each 

cut 
0,0  0.0 

125 

2.9 

3,9 

2.4 

3.1 

31.2 

29.6 

.9 

i.i 

.8 

.9 

39.1 

34.4 

150 

3.7 

4.5 

3.1 

3.6 

16.0 

20.0 

.6 

.9 

.5 

.7 

26.0 

24.0 

160 

2.8 

2.5 

2.3 

2.0 

12.0 

13.6 

.3 

.3 

.3 

.3 

24.0 

24.8 

170 

3.6 

3.7 

3.0 

3.0 

9.6 

10.8 

•4 

.4 

.3 

.3 

26.0 

23.6 

180 

4.0 

4.9 

3.3 

4.0 

6.8 

7.6 

.3 

.4 

.2 

.3 

25.8 

22.8 

190 

6.7 

6.0 

5.6 

4.9 

6.0 

6.4 

.4 

.4 

.3 

.3 

23.2 

21,2 

200 

8.3 

7.9 

6.9 

6.4 

6.0 

5.6 

.5 

.4 

.4 

.4 

22.8 

19.6 

210 

9.1 

9.8 

7.5 

7.9 

5.2 

5.6 

.5 

.6 

.4 

•  4 

22.4 

20.8 

220 

11.3 

9.3 

9.4 

7.5 

4.4 

4.8 

.5 

.5 

•  4 

.4 

21.2 

20.0 

230 

8.9 

8.9 

7.4 

7%1 

4.0 

4.4 

.4 

.4 

•3 

.3 

8.4 

19.6 

240 

8.3 

8.7 

6.9 

7.0 

4.0 

6.4 

.3 

.6 

.3 

.5 

18,0 

17.6 

250 

6.5 

6.2 

5.4 

5.0 

4.0 

4.8 

.3 

.3 

.2 

.2 

17.6 

19,6 

260 

6.8 

5.9 

5.6 

4.7 

4.8 

6.0 

.3 

•  4 

.3 

.3 

16.4 

19.6 

270 

3,8 

4.2 

3.2 

3.3 

5.2 

5.6 

.2 

.2 

.2 

.2 

16.0 

19.2 

280 

2,8 

3.1 

2.3 

2.5 

5.2 

5.4 

a 

•  2 

a 

20.0 

21.9 

290 

2.6 

2.1 

2.2 

1.7 

6.0 

8.0 

.2 

.2 

a 

a 

18.4 

23.5 

300 

1.7 

2.5 

1.4 

2.0 

8.0 

10.0 

a 

.3 

a 

.2 

19.2 

26.4 

Up 

3.9 

2.1 

2.6 

1.7 

69 
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X  ft  \7 

230 

1.6 

1.7 
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240 
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x  a  \j 
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1.2 

260 

1.1 

1.2 

270 

•  6 

.8 

280 

•  6 

.7 
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.5 

•  5 

300 

.3 

.7 

Gas  analysis 

15 

16 
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.4 

.7 

C2H2 

.2 

.4 
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.7.9 

7.8 

C2H4 

1.2 

1.1 
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Table  11  (Continued) 

15        16      15        16        15        16        15        16  15  16 

%  Aromat-    %  Aliphat-    %  Aliphat-  %  Aliphat-  Specific 
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basis  Orig-  in  each       basis  Re-  basis  Orig.  of  each 

inal              cut         covered           inal  cut 


0  .0 

V  ft  V 

0.0 

o.o 

0.0 

V  ft  v 

0.0 

V  ft  V 

0.0 

V>  ft  V/ 

0.0 

yy  ft)  v 

0.0 

V  ft  V 

.745 

ft    I      A  V 

.750 

1.9 

X  .  =7 

1.1 
x  a  x 

29.7 

•w  »V  ft)  I 

36.0 

K*  W  ft  V 

.9 

1.4 

X  .  1 

1.1 

.793 

ft    »  V  C 

.789 

ft    I  s  J  V 

a 

a  v 

.9 

58.0 

56.0 

O  V  ft  V 

2.9 

2.5 

1  .8 

-    ft  , 

2.0 

.793 

ft    I    'J  K9 

.794 

ft   ■  \f 

a  vj 

.5 

a  v 

64.0 

ft  V 

61.6 

-i»  ft  «- 
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.'.a  J 

1.5 
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1.2 

.     ft  *w 

ft    r   &  \i 

•  798 

.7 

a  » 

64.4 
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V/*-'  ft  w 

2.3 

2.4 

1.9 

x  ,  o 

1.9 

.799 

ft  r  *y 

.801 

ft  «/v  t 

-9 

a  » 

-9 

a 

67.4 

69.6 

V-/    '  ft  *J 
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2.* 
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.803 

ft   -W  V 

.806 

1.3 
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1.0 
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4,0 
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.809 
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1.3 
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5.9 

ft  =, 

5.9 

4.9 

*  ft  v 
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*  ft  ^ 

»815 

,816 

1.7 

ala  ft  1 
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w  ft  _ 
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7.3.6 

6.6 
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5.5 
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.822 
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J-  ft 

74.4 
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8.4 
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7.0 

f  ft  v 

5.7 

,827 

,829 

3  .4 
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76.0 

6.9 
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V  ft  ■ 

5.7 

*mS   ft  1 
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*    *  * 

.831 

.834 
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6.6 
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.A45 
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.9 

.9 
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4.4 
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.848 

.849 

.5 

.s 

78.8 
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3.1 

2.5 
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•  851 

.854 

.5 

.6 

74.8 

79.6 

2.1 

2.5 

1.7 

2.0 

.856 

.859 

.4 

.4 

75.6 

74.8 
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1.6 

1.6 
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.5 
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Table  12 

The  Effect  on  Hydrocarbon  Vapors;  when 
Condensed  under  Pressure 


Run    Pres-  Pres-  Tern-      Rate  Re- 
No*    sure  sure  pera-  cc 
on  on  ture  per 
Con-  Pur-  min- 
dens-  nace  ute 
ers 


Spe- 
cov-  cific 
ery  Grav- 
ity 


Cu.Ft,  Recovered 
Gas      %         %  % 
per    Un-      Ar-  All- 
liter  sat-  omat-  phat- 
Orig.  ura-    ics  ics 
Oil  ted 


18 

0 

73 

530 

43 

40 

.900 

11 

.4  14 

48 

38 

20 

75 

75 

540 

42 

42 

.903 

6 

.9  10 

49 

41 

Analysis,  of  Recovered  Oil 

18 

20 

18 

20 

18 

20 

18  20 

18 

20 

18 

20 

Guts 

%  of 

Re- 

%  of 

Orig- 

%  Unsat-  ; 

^Unsaturated 

Unsaturated  %  Aro- 

°c. 

covered 

inal  in 

urated     on  basis 

of 

on  basis  of 

matics 

in  each 

each 

cut 

in  each 

Recovered 

Original 

in  each 

cut 

cut 

oil 

oil 

cut 

95 

6.9 

6.9 

2.8 

2.9 

23.0 

13.5 

1.6 

.9 

.6 

•  4 

72.0 

83.0 

125 

9.6 

10.0 

3.8 

4.2 

20.0 

10.0 

1.9 

1.0 

.8 

.4 

72.0 

85.0 

150 

8.1 

5.6 

3,2 

2.4 

18.0 

H.O 

1.5 

.6 

.6 

.3 

59.5 

663.  5 

160 

3.0 

1.6 

1.2 

.7 

19.0 

12.0 

.6 

.2 

.2 

.08 

46.5 

46.5 

170 

3.1 

1.5 

1.2 

.6 

15.0 

11.5 

.5 

.2 

.2 

.07 

42.0 

41.5 

180 

4.2 

9.8 

1.7 

4.1 

14.0 

10.0 

.6 

1.1 

.2 

.4 

35.0 

39.0 

190 

5.4 

3.1 

2.2 

1.3 

J-'.'  .  yj 

Q  0 

.6 

.3 

o 
•  * 

i 

.  j~ 

4.9  ^ 

^7  O 
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5.1 

4.1 

C  .'J 

1  7 

12.0 

9.5 

.6 

•  4 

.2 

40.0 

34.0 
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5.4 

6.5 

2.2 

2.7 

10.5 

8.0 

.6 

.5 

.2 

.2 

39.5 

35.5 

220 

6.9 

6.9 

2.8 

2.9 

10.0 

8.0 

.7 

.6 

.3 

.2 

39.0 

32.0 

230 

7.0 

5.9 

2.8 

2.5 

10.0 

7.0 

.7 

.4 

.3 

.2 

38.0 

32.5 

240 

6.1 

6.0 

2.4 

2.5 

9.0 

5.5 

.6 

.3 

.2 

.1 

37.0 

35.0 

250 

3.9 

4.8 

1.6 

2.0 

7.0 

7.0 

.3 

.3 

.1 

a 

34.0 

36.0 
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3.1 
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1.2 

1.7 

6.0 

6.5 

.2 

.3 
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a 

34.5 
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1.0 
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7.5 

.3 

.2 

a 

a 

47.5 

41.5 
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.8 

i.b 

9.0 

6.5 

.2 

.2 

.07 

.06 

44.0 

40.5 
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1.5 

.9 

.6 

.8 

10.0 

6.0 

.2 

.1 

.06 

.02 

44.5 

42.0 

300 

1.6 

1.0 

.6 

.4 

13.0 

10.0 

.2 

.1 

.08 

.04 

45.5 

48.0 

Up      12.7  12.5 
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95 
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.6 
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1.5 
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2.3 

1.2 
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2.0 

1.4 

210 

2.1 

2.3 

220 

2.7 

2.0 

230 

2.7 

1.9 

240 

2.3 

2.1 

250 

1.3 

1.7 

260 

1.1 

1.6 
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1.2 

1.2 

280 

.9 

.9 
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.7 

.4 

300 

.7 

.5 

Gas  analysis 

18 

20 
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.4 

.1 

.1 

.3 
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C2H4 

5.9 

.6 
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Table  12  (Continued) 

18        20      18        20        18        20  18        20        18  20 

%  Aromat-    %  Aliphat-    %  Aliphat-  %  Aliphat-  Specific 

ics   on  ics         ics   on  ics   on  Gravity 

basis  Orig-    in  each     basis  Re-  basis  Grig-  of  each 


inal 
2.0  2.4 

5.0 

cut 
3.5 

covered 
.3  .2 

.1 

inal 
.1 

.823 

cut 
.854 

2.8 

3.6 

8.0 

5.0 

.8 

.5 

•  3 

.2 

.852 

.861 

1.9 

1.6 

22.5 

22.5 

1.8 

1.3 

.7 

,5 

.842 

.848 

.6 

.3 

34.5 

41,5 

1.0 

.7 

.4 

.3 

,844 

.000 

.5 

.3 

43.0 

47.0 

1.3 

.7 

.5 

.3 

.837 

.000 

.6 

1.6 

51.0 

51.0 

2.1 

5,0 

•9 

2.2 

.841 

.838 

•9 

.5 

47.0 

54.0 

2.5 

1.7 

1.0 

.7 

,844 

.837 

.8 

.6 

48.0 

56.5 

2.5 

2.3 

1.0 

2.0 

.850 

.846 

.9 

1.0 

50.0 

56.5 

2.7 

3.7 

1.1 

1.5 

.862 

.853 

1.1 

.9 

51.0 

60.0 

3.5 

4.2 

1.4 

1.7 

.872 

.861 

1.1 

.8 

52.0 

60.5 

3.6 

3.6 

1.5 

1.5 

.875 

.864 

.9 

.9 

54.0 

59.5 

3.3 

3.6 

1.3 

1.5 

.872 

.875 

.5 

.7 

9  * 

69.0 

57.0 

2.3 

2.7 

.9 

1.2 

.872 

.883 

•  4 

.7 

59.5 

54.0 

1.8 

2.2 

.7 

.9 

,874 

.889 

.5 

.5 

42.5 

51.0 

1.1 

1.5 

.4 

.6 

.897 

.904 

.4 

.4 

47,0 

53.0 

•9 

1.2 

.4 

.5 

.902 

.909 

.3 

.2 

45.5 

52.0 

.7 

.5 

.3 

.2 

.908 

.000 

.3 

.2 

41.5 

48.0 

.7 

.5 

.3 

.2 

.914 

.000 

18 

20 

«2 

7.8 

14,2 

CO 

.4 

.3 

C2H6 

17,7 

6.9 

C  H4 

43.6 

51.4 

101.0 

97.4 

V, 


From  Table  12. 

The  Effect  on  Hydrocarbon  Vapors  when  Condensed  under 

pressure. 


The  per  cent  of  the  three  types  of  hydrocarbons  in 

any  given  cut. 
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Table  1? 

The  Effect  on  Hydrocarbon  Vapors  when 
Condensed  under  Pressure 


Run  Pres- 

Pres- 

Tem- 

Rate 

Re- 

Spe- 

Cu.Ft. 

Recovered 

No.  sure 

sure 

pera- 

cc 

cov 

-  cine 

Gas 

% 

% 

% 

on 

on 

ture 

per 

ery 

Grav- 

per 

Un- 

Ar-  Ali- 

Con- 

Fur- 

mir- 

ity 

liter  sat 

-  omat-  phat 

dens- 

nace 

ute 

Orig 

.  ura 

ics  ics 

ers 

Oil 

ted 

27 

0 

40 

550 

74 

53.0  .864 

9.5 

17 

41 

42 

28 

40 

40 

550 

74 

55 

.3  .863 

8.8 

ie 

42 

43 

Analysi 

s  of  Recovered  Oil 

27 

28 

27 

28 

27 

28  ' 

27  28 

27 

28 

27 

28 

%  of 

Re- 

%  of  0rig~ 

%  Unsat- 

^Unsaturated ^Unsaturated  %  Aro- 

°c. 

covered 

inal  in 

urated 

on  basis 

of    on  basis  of 

matics 

in  each 

each 

cut 

in  each 

Recovered 

Original 

in  each 

cut 

cut 

oil 

oil 

cut 

5.7 

8.0 

3.2 

4.42 

35,0 

38.0 

2,00 

3.04 

1.06 

1.70 

60.0 

61.5 

125 

8.0 

7.7 

4.24 

4.26 

30.0 

29.0 

2.40 

2.24 

1.27 

1.24 

60.0 

66.0 

150 

6.1 

4.5 

3.23 

§.49 

• 

34.0 

25,0 

2.07 

1.12 

1.10 

.62 

42.0 

50,0 

160 

3.3 

3.4 

1.73 

1.88 

20.0 

18.0 

,66 

.61 

.35 

,34 

43,0 

48.0 

170 

4.6 

3.6 

2.44 

1.99 

18.0 

13.0 

.83 

.47 

.44 

.26 

39.0 

43.0 

180 

5.2 

4.7 

2.76 

2«60 

15.0 

12.0 

.78 

.56 

.42 

.31 

35.0 

41.0 

190 

a-  </  \J 

5.0 

6.4 

2.65 

3.54 

13.0 

11.0 

,65 

.70 

'Z.A 

•  o* 

»oy 

•z  rr  s\ 
OO  ,U 

soo 

7.7 

6.7 

11.0 

12,0 

.85 

.84 

.45 

,40 

37.0 

36.5 

210 

7.4 

7.2 

3.92 

3.98 

11.0 

10.0 

.81 

.72 

.43 

,40 

35.0 

37.0 

220 

R<  fLr  V/ 

8.3 

8,5 

4.40 

4.70 

11.0 

9.0 

.91 

.76 

.48 

.42 

33.0 

35.0 

230 

fc*  V  \J 

6,2 

6.4 

3.29 

3.54 

10.0 

9.0 

.62 

.58 

.33 

.32 

35.0 

34.0 

240 

6.3 

1.6 

3,34 

.89 

10.0 

10.0 

.63 

.16 

.33 

.09 

33.0 

34.0 

250 

4.7 

4.0 

2.49 

2,21 

12.0 

10.0 

.56 

.40 

.30 

.22 

35.0 

34.0 

260 

4.3 

3.8 

2.28 

2,10 

13.0 

11.0 

,56 

.42 

.30 

.23 

37.0 

35.0 

270 

2.6 

2.6 

1.38 

1.44 

13.0 

11.0 

.34 

.29 

.18 

.16 

41.0 

36.0 

280 

1.7 

2.1 

.90 

1.16 

14.0 

11.5 

.24 

.24 

.13 

.13 

42.0 

41.5 

290 

1.3 

1.7 

.69 

.94 

15.0 

13.0 

.19 

.22 

.10 

.12 

45.0 

41.0 

300 

1.4 

1.3 

.74 

.72 

20.0 

19.0 

.28 

.25 

.15 

.14 

43.0 

42.0 

Up 

5.0 

8.0 

2.65 

4.42 

f  » 
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Table  13  (Continued) 


27 

28 

27 

28 

27 

28 

27 

28 

27 

28 

27 

28 

%  Aroma t- 

%  Aroma t~ 

%  Aliphat- 

%  Aliphflt- 
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Specific 

°C. 

lcs 

on 

i  cs. 

on 

ics 

ics  on 

ic 

on 

Gravity 

basis 

Re- 

basis  Orig 

5-  in 

each 
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Table  14.      The  Effect  on  Hydrocarbon  Vapors  when  the  Con- 
tact Surface  is  Increased  by  means  of  Steel  Wool  or  Carbon. 

These  runs  were  made  under  quite  different  conditions.  The 
temperature  was  about  the  same  in  both  but  the  rate  of  flow  of  the 
oil  into  the  retort  was  much  greater  in    Run  ^1,  with  carbon  in  the 
retort.    The  pressure  in  this  run  was  but  40  pounds  while  in  the 
other  it  was  7o  pounds.    The  recovery  was  the  same  for  both  runs  but 
the  analysis  of  the  recovered  oil  gave  quite  different  results.  The 
specific  gravity  of  the  oil  which  passed  over  the  steel  wool  was  much 
less  than  that  of  the  oil  which  passed  over  carbon.    Naphthalene  was 
obtained  in  large  amounts  from  the  recovered  oil  which  passed  over 
carbon  and  the  amount  of  aromatic  hydrocarbons  was  greater  in  all 
cuts  while  the  unsaturated  content  was  less.    The  specific  gravity  of 
the  cuts  was  also  greater.    The  cut  boiling  above  300°  C.  was  nearly 
twice  as  great  in  the  run  with  carbon  in  the  retort.    Parr  and  Charl- 
ton (17)  observed  this  same  effect  in  their  work  on  coal  tar.  The 
first  cut  in  both  runs  could  be  frozen  to  a  white  solid  but  the  cut 
from  the  oil  which  had  passed  over  the  carbon  froze  readily  while  a 
much  lower  tempers ture  was  required  to  freeze  the  other. 

Conclusions. 

Carbon  aids  in  the  formation  of  aromatics  from  hydrocarbon 
vapors.     It  is  a  better  material  for  this  purpose  than  is  steel  wool. 
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Table  14 

The  Effect  on  Hydrocarbon  Vapors  When  the  Contact  Surface 
la  Increased  by  Means  of  Steel  Wool  or  Carbon 
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From  Table  14. 


The  Effect  on  Hydrocarbon  Vapors  when  the  Contact 
Surface  is  Increased  "by  means  of  Steel  Wool  or  Carbon. 
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The  Effect  of  the  Size  of  the  Molecule  on  the  Recovered 
Oil  when  Subjected  to  Thermal  Decomposition. 

From  the  data  thus  far  obtained  it  was  thought  that  possi- 
bly certain  molecules  would  give  better  yields  of  certain  aromatic 
hydrocarbons,  for  example,  decane  might  give  more  naphthalene  than 
would  either  higher  or  lower  members  of  the  series.    Also  hexane  and 
heptane  might  give  higher  yields  of  benzene  and  toluene.    With  this 
object  in  view  the  above  hydrocarbons  were  distilled  from  gasoline, 
taking  the  cuts  which  would  give  the  greatest  amount  of  the  desired 
products. 

Runs  were  made  on  the  heptane  and  decane  cuts  as  well  as 
one  run  with  "Heavy  Havoline"  gasoline  engine  cylinder  oil.  Steam 
was  used  in  all  runs. 

The  run  with  "Havoline"  was  made  at  620°  C.  and  70  pounds 
pressure.    The  oil  was  permitted  to  flow  into  the  retort  at  a  rate 
of  fifty  cubic  centimeters  per  minute.    Large  amounts  of  naphthalene 
were  formed  and  the  first  fraction  contained  mostly  benzene.  Twelve 
cubic  feet  of  gas  were  obtained  for  each  1000  cubic  centimeters  of 
oil  admitted  to  the  retort.    Instead  of  a  sooty  deposit  of  carbon 
there  was  deposited  in  the  cooler  portions  of  the  system  large 
amounts  of  heavy  pitch  which  choked  the  pipes  leading  from  the  first 
trap  to  the  condensers.     Little  or  no  deposit  was  observed  in  the  re- 
tort which  was  undoubtedly  due  to  the  steam. 

The  decane  did  not  produce  the  naphthalene  in  large  quanti- 
ties as  was  expected.    The  temperature  and  pressure  were  maintained 
at  575°  C.  and  75  pounds.    Ten  cubic  feet  of  gas  were  formed  for  each 
1000  cubic  centimeters  of  oil  admitted  to  the  retort.    The  aliphatics 
in  the  first  cuts  were  very  low. 

The  heptane  run  was  made  at  90  pounds  pressure  and  620°  G. 
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The  recovery  was  very  low  being  only  22  per  cent.    Unlike  the  heaviei 
molecules  the  recovered  oil  contained  very  little  unsaturated  and 
aromatic  hydrocarbons.    The  recovered  oil  was  practically  unchanged. 
The  specific  gravity  was  nearly  the  same  as  that  of  the  original  oil, 
The  amount  of  toluene  formed  was  very  small.    The  decomposition  pro- 
ducts were  mainly  carbon,  hydrogen  and  methane.    The  carbon  was  very 
finely  divided  and  there  was  no  deposit  to  speak  of  in  the  retort. 
Some  naphthalene  was  formed  the  amount  however  was  small. 
Conclusions. 

When  small  molecules  are  subjected  to  high  temperatures  anc 
pressures  they  decompose  mainly  into  carbon  and  hydrogen  and  the  re- 
covered oil  is  changed  but  little  from  the  original.    Heptane  does 
not  yield  toluene  as  the  main  product  nor  does  decane  yield  naph- 
thalene as  the  principal  product. 
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General  Discussion  of  the  Possibilities  of  the  Thermal  De- 
composition of  Petroleum  Hydrocarbons, 

The  claim  that  low  boiling  paraffin  hydrocarbons  can  be 
obtained  from  higher  boiling  hydrocarbons  by  means  of  thermal  decom- 
position, generally  speaking,  is  not  true.    The  low  boiling  fractions , 
up  to  150°  C,  contain  chiefly  unsaturated  and  aromatic  hydrocarbons 
with  small  amounts  of  aliphatic  hydrocarbons. 

The  statement  sometimes  made  that  the  long  chains  tend  to 
break  in  the  middle,  yielding  an  unsaturated  and  a  saturated  hydro- 
carbon is,  in  a  sense,  false.    They  may  break  at  any  point  and  there 
is  no  means  of  knowing  just  where  the  break  will  occur.     If  a  hydro- 
carbon with  more  than  nine  carbon  atoms  in  the  chain  broke  in  the 
middle  little  or  no  gas  would  be  formed.     Large  amounts  of  gas  al- 
ways accompany  thermal  decomposition  of  aliphatic  hydrocarbons. 

The  cracking  of  kerosene  for  gasoline  is  an  economic  waste, 
especially  when  the  unsaturated  hydrocarbons  are  removed.    The  un- 
saturated hydrocarbons  may  or  may  not  be  suitable  for  use  in  internal 
combustion  engines.    This  point  as  yet  has  not  been  established  but 
it  is  generally  conceded  that  prejudice  is  the  main  factor  causing 
their  removal.    This  point  should  be  thoroughly  investigated  and  if 
this  type  of  hydrocarbons  is  not  a  detriment  then  by  all  means  its 
removal  should  be  stopped. 

The  most  economic  method  for  utilizing  kerosene  is  to  burn 
it  direct  in  the  engine  and  thus  avoid  the  waste  by  cracking. 

Toluene  can  be  obtained  from  petroleum  just  as  it  is  ob- 
tained from  coal.    High  temperatures  will  remove  the  aliphatic  hydro- 
carbons and  the  recovered  oil  will  contain  a  high  per  cent  of  aromat- 
ic hydrocarbons  such  as  benzene,  toluene,  xylene  and  naphthalene. 
With  the  recovered  oil  as  the  main  product  the  process  is  not  feasi- 
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ble  especially  in  normal  times  because  of  the  great  supply  of  aro- 
matic hydrocarbons  obtained  by  the  distructive  distillation  of  coal. 
In  case  of  necessity  however  toluene  could  be  obtained  from  petro- 
leum* 
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Summary . 

I.    The  rate  of  decomposition  of  hydrocarbons  is  changed 
by  varying  the  conditions  within  the  reacting  chamber. 

(a)  The  rate  of  change  of  composition  of  aliphatic  hydro- 
carbons is  very  noticeable  with  slight  changes  of  temperature 
above  450°  C. 

(b)  Pressure  greatly  accelerates  this  change  of  compositior . 

(c)  Steam  when  introduced  with  the  oil  hastens  the  decom- 
position of  aliphatic  hydrocarbons  and  prevents  carbon  deposit- 
ing on  the  walls  of  the  retort, 

(d)  Carbon  which  collects  on  the  walls  of  the  reacting 
chamber  seems  to  hasten  the  decomposition. 

II,    The  ease  of  decomposition  is  governed  by  the  nature  of 
the  hydrocarbon. 

(a)  Aliphatic  hydrocarbons  decompose  readily  when  subject- 
ed to  temperatures  above  450°  C.  and  pressure. 

(b)  Unsaturated  straight  chain  hydrocarbons  are  more  stable 
toward  heat  and  pressure  than  are  the  aliphatic  hydrocarbons. 

(c)  Aromatic  hydrocarbons  are  the  most  stable.    Those  with 
short  side  chains  decompose  only  slightly  at  600°  C.  and  75 
pounds  pressure* 

III.    The  size  of  the  molecule  governs  to  a  great  extent  the 
resulting  products. 

(a)  Naphthalene  is  easily  formed  from  aliphatic  hydrocar- 
bons of  more  than  nine  carbon  atoms  in  the  molecule  at  a  temper- 
ature of  approximately  550°  C. 

(b)  Aliphatic  hydrocarbons  with  a  boiling  point  less  than 
115°  C.  or  having  less  than  eight  carbon  atoms  in  the  molecule 
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do  not  yield  aromatic  hydrocarbons  as  readily  as  do  the  larger 
molecules. 

IV.     (a)  The  low  boiling  fractions  from  the  recovered  oil 
contain  only  small  amounts  of  aliphatic  hydrocarbons.  Aromatic 
and  unsaturated  hydrocarbons  predominate  in  these  fractions. 

(b)  The  production  of  gasoline  from  kerosene  is  an 
economic  waste. 

(c)  Toluene  from  kerosene  is  not  feasible  unless 
emergency  demands. 
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